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Marlene H. Dortch, Secretary
Federal Communications Commission
Washington, DC 20554

Re: Ex Parte Communication
MB Docket No. 03-185
GN Docket No. 12-268

Amendment of Parts 73 and 74 of the Commission’s Rules to Establish Rules for
Digital Low Power Television and Television Translator Stations; Expanding the
Economic and Innovation Opportunities of Spectrum Through Incentive Auctions;

Dear Ms. Dortch:

California State University Long Beach Research Foundation (CSULBRF) wishes to
respond to the Notice of Ex Parte Communication filed in the above-captioned proceedings on
June 10, 2019, by Venture Technologies Group, Inc. et al. (“Venture”).

CSULBREF is the licensee of noncommercial FM radio station KKJZ, 88.1 MHz, Long
Beach, California. It takes no position with regard to the general public interest benefits or
detriments of analog audio services provide by Channel 6 Low Power Television (“LPTV”)
stations or the merits of retaining such services after analog TV broadcasting ends on July 13,
2021; nor does it take any position on the technological feasibility of inserting an analog audio
carrier at 87.76 MHz while transmitting a digital television signal in a reduced bandwidth of 5.8
MHz.
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However, if analog audio is to continue in the 82-88 MHz band, it is critical that the
Commmission recognize that the analog audio signal, because it is intended to be received by analog
radio broadcast receivers, in real life has the same characteristics as FM radio broadcasting signals
and must be treated in the same way in terms of protecting other stations from interference.

In effect, a Channel 6 analog audio signal is the same as an FM radio station on 87.7 MHz.
It behaves the say way as af least a second-adjacent radio station; and if the bandwidth exceeds
that of an FM radio station, including if a hybrid IBOC signal is added as many FM stations do, it
becomes the equivalent of a first-adjacent FM radio station, with the same interference potential.
The Commission’s current rules ignore this potential for interference, which is particularly
objectionable since LPTV and are left free to propose facilities that are predicted to cause
interference to primary service FM radio stations, even though LPTV is a secondary service.

It is most unusual for the Commission to ignore interference between services in adjacent
frequency bands, especially where there is no guard band to isolate the signals. See, e.g., Sections
74.709 and 74.702(b) of the Commission’s Rules, requiring LPTV stations to protect adjacent-
channel land mobile stations. There is no justification for not implementing sensible interference
protection requirements in regulating LPTYV stations on Channel 6.

The problem is exacerbated by the fact that LPTV stations are exempt from Section
73.682(a)(15) of the Commission’s Rules, which would otherwise limit the effective radiated
power of an LPTV aural transmitter to 22% of the peak radiated power of the visual transmitter.
The Commission licenses only one effective radiated power level to each LPTV station; but
Channel 6 stations can load 90% or more of that power into their aural signal, making that signal
much stronger, with more interference potential, than would be expected if the 22% rule applied.
CSULBREF takes no position with regard to whether a separate aural power limit should be applied
to LPTV stations; but interference calculations should take actual aural power into account, which
means that aural power should be separately disclosed by the LPTV licensee and specified as a
term of the LPTV license.

Venture’s slide presentation states that “[cJommenters provided detailed studies showing
that dual operation of a digital LPTV station with an aural apalog carrier would not cause
interference to adjacent radio stations.” However, no specific filing is cited; nor is it possible to
reach that conclusion without much more detailed information than Venture has provided.
CSULBREF calls the Commission’s attention to the attached Objection that it filed against one of
Venture’s Channel 6 applications in 2009 and a Petition for Reconsideration filed today with
respect to another Venture Channel 6 application. Both pleadings noted that while the LPTV
station was subject to a 3 kW ERP limit, there was no limit on antenna height, thereby allowing
facilities to exceed those that would ever be authorized to any FM radio station.
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Venture and others have filed numerous Channel 6 LPTV applications over the years,
without making a showing of protection to FM stations on 88.1 MHz. If the Commission approves
analog audio for digital LPTV stations, this deficiency in the existing rules must be remedied. The
Commission should look to the rule change proponents to address the problem in detail in the first
instance.

Peter 1annenwatd
Counsel to California State
University Long Beach Research Foundation

cC: (by e-mail)
Alexander Sanjenis, Esgs., Office of the Chairman
Evan Swarztrauber, Esq., Coffice of Commissioner Car
Kate Black, Esq., Office of Commissioner Rosenworcel
Ari Meltzer, Esq., Counsel for Venture Technologies Group, Inc. ef al.
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Before the
FEDERAL COMMUNICATIONS COMMISSION
Washington, DC 20554

In re Application of

L.MS File No. 0000074825
Facility ID 63149

Venture Technologies Group, LLC
KZNO-LD, Big Bear Lake, CA

R e

For Construction Permit for Changes

Electronically Filed in LMS
To: Chief, Video Division, Media Bureau

PETITION FOR RECONSIDERATION

1. California State University Long Beach Research Foundation (“CSULBRF™) hereby
petitions for reconsideration of the grant of the above-captioned application for changes in the
facilities of Station KZNO-LD, Big Bear Lake, CA. CSULBRF is the licensee of
noncommercial educational Station KKJZ(FM), Facility ID 8197, Long Beach, CA. KZNO-LD
operates on TV Chanel 6, 82-88 MHz. KKJZ is licensed to operate on 88.1 MHz, immediately
adjacent to the TV Channel 6 frequency band, with no guard band between TV and FM channels.

2. The KZNO-LD application proposes a more than three-fold increase in effective
radiated power, from 731 watts to 3,000 watts, at an extremely high antenna elevation of 1,680
meters (5,112 feet) above mean sea level. No FM station would ever be permitted to operate so

close to KKJZ’s frequency with such gigantic facilities.!

I Calculation tools available on the Commission’s website show the antenna height above

average terrain for KZNO-LD to be 903 meters. At that height, the ERP proposed for KZNO-
LD would make it a Class C1 were it an analog FM station, exceeding the maximum
power/height permissible in Southern California, which is in FM Zone I-A where Class B is the
highest class of station. Digital ERP limits are only 10% for FM stations, and then only if no
impermissible interference would occur.
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3. As discussed in the attached Engineering Statement, using the best available methods,
the proposed operation by KZNO-LD, even though digital rather than analog, is predicted to
cause interference over an area containing 79.5% of the population within the KKJZ 60 dBu
contour, including at the location of the KKJZ transmitter site.” The Commission’s current rules,
without good reason, ignore the obvious potential for interference between LPTV stations on
Channel 6 and FM stations on 88.1 and 88.3 MHz — an omission that is particularly objectionable
since LPTV stations are a secondary service and yet claim to be left free to propose facilities
predicted to cause huge interference to primary service FM radio stations.

4, The Commission does not generally ignore interference between services in adjacent
frequency bands, especially where there is no guard band to isolate the signals. See, e.g.,
Sections 74.709 and 74.702(b) of the Commission’s Rules, requiring LPTV stations to protect
adjacent-channel land mobile stations. There is no justification for not implementing sensible
similar interference protection requirements, by policy if not by rule, in evaluating LPTV station
proposals on Channel 6. Even if there is no explicit rule on the books, the Commission cannot
shut its eyes to the consequences of a secondary station causing substantial, serious interference
to a primary service, especially where the danger is corroborated by authoritative and reputable
studies.

5. Venture Technologies Group, LLC, licensee of KZNO-LD, recently made a lengthy
ex parte presentation in MB Docket No. 03-185, GN Docket No. 12-268, and ET Docket No. 14-

175, to the effect that an analog audio carrier can be successfully inserted into the top 200 kHz of

2 The Engincering Statement includes a map that shows the extraordinary extent of predicted

interference.
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a digital Channel 6 TV signal.® If that proposal is ever adopted by the Commission, KZNO-LD
will become an even more serious threat to KKJZ, since any reduction of interference resulting
from one signal being digital and the other analog will disappear, the amount of interference to
KKJZ will increase dramatically and interference to KKJZ will be even worse if the center of an
analog audio carrier is above 87.75 MHz.*

6. CSULBRF did not participate in this proceeding prior to grant of the KZNO-LD
application because there was not adequate time. While the application was filed on June 19,
2019, no public notice was given by the Commission until July 10, 2019.° The application was
granted only two days later, on July 12. The full Commission has found good cause in previous
cases for early non-participation when an application was granted four or five days after public
notice.® The same finding should be made here, especially where the anticipated interference is
so egregious and will be so harmful to members of the public who listen to KKJZ.

7. In light of the foregoing, CSULBREF respectfully requests that the grant of the KZNO-
LP application be rescinded; that KZNO be required to provide interference protection to KKJZ;

and that if a construction permit is ultimately granted, it be conditioned to the effect that any

3 The ex parte presentation may be found on the Commission’s website at:

https://ecfsapi.fec.gov/file/106101592812233/Ex%20Parte%20f0r%20L PTV%20Channel%206
%20Meetings%204816-4399-4009%20v.1 .pdf

4 CSULBRF takes no position as a general matter with regard to the use of Channel 6 audio

carriers to reach FM radio receivers. However, it strongly believes that FM stations are entitled
to as much or more protection from secondary Channel 6 LPTV stations as they are from
primary radio stations that also broadcast to FM radio receivers. It should be noted that KZNO-
LD is currently licensed as KZNO-LP and uses its analog audio signal to reach FM radio
receivers; so the probability of addition of an analog audio carrier, if permitted by the
Commission, is high. See https://en.wikipedia.org/wiki/KZNO-LP.

5 Broadcast Applications, Report No. 29535, rel. July 10, 2019.

6  See Ted and Jana Tucker, 4 FCC Rcd 2816, 2816 (1989); Aspen FM, Inc., 12 FCC Red.
17852m 17854-44 (1997).
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application for a license to cover will be held in abeyance for at least 120 days to allow time to
evaluate actual interference conditions.

Fletcher, Heald & Hildreth, PLC Respeetfully submitted,
1300 N. 17 §t,, 111 FI e g R
oor h_’o

Arlington, VA 22209-3801

Tel. 703-812-0404/0484 Peter Tannenwald

Fax 703-812-0486 Michelle A. McClure

Emnail: tannenwald@fhhlaw.com

meelure@fhhlaw.com Counsel for California State University Long

Beach Research Foundation
July 30, 2019
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ENGINEERING STATEMENT IN SUPPORT OF OBJECTION TO
CONSTRUCTION PERMIT GRANT UNDER FCC FILE NUMBER 0000074825
KZNO-LP CH 6 LPTV DTV 3 kW MAX DA
BIG BEAR LAKE, CALIFORNIA

Summary

This engineering statement has been prepared on behalf of California State University Long Beach
Research Foundation (CSULBRF). CSULBREF is the licensee of noncommercial FM radio station
KKIJZ, 88.1 MHz, Long Beach, California and has serious concerns regarding the potential for
significant interference to the regularly received off air signal from KKJZ at such time as KZNO
- LP implements CH 6 LPTV DTV facilities. CSULBRF believes that it has good cause for concern

for the following three reasons:

1. Internationally recognized standards for Digital Broadcast Services developed by the
International Telecommunications Union (“ITU”) and Digital Radio Mondiale (“DRM”),
along with laboratory test data on DTV interference to analog FM receivers prepared by
the National Public Radio Labs (“NPR Labs”) have been employed here to compute
interference from the KZNO-LP DTV facility into the licensed KKJZ(FM) 60 dBu contour.
The KZNO-LP interfering contour overlaps 6,401,127 persons inside the KKJZ 60 dBu
contour which is 79.5% of the 8,0506,045 persons in the entire KKJZ(FM) 60 dBu contour.

This is a massive area of potential interference and loss of service for KKJZ listeners.

2. Aswill be demonstrated herein, the FCC has failed to update old analog TV rules to provide
interference protection standards between DTV transmission facilities and analog FM radio
services. This is believed to leave the FCC wholly without known tools to evaluate LPTV
DTV station interference into analog FM broadcast services much less the ability to
compute LPTV DTV, with supplemental analog aural service interference, to analog FM

broadcast and HD services.

3. Thirdly, the history of the Franken-FM TV service is described for the purpose of
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should be and there are also no technical specifications for LPTV DTV service with

supplemental analog audio content.

Authorizing KZNO-LP to commence CH 6 digital operation without an interference showing of
the impact from its proposed facilities to the service area of KKJZ(FM) is believed to effectively
modify the KKJZ(FM) license. This is based on the interference analysis presented herein as well
as Broadcast Industry concerns regarding the closing of FCC Field Offices and an overall inability
of FCC staff to quickly and efficiently resolve interference complaints involving FM Broadcast

stations.1

FCC lack of techpical standards concerning DTV into FM and FM into DTV interference

Examples of the lack of FCC regulatory oversight and authority include the following. These
examples are cited for the purpose of pointing out that the Media Bureau is considering a new
service, whose operaling specifications have never been specified, in an environment where it has
no baseline standards of its own in place. Put simply, this process is not following standard
procedures. DTV in the U.S. did not exist until the Advanced Television Standards Committee
(“ATSC”) developed standards which the FCC reviewed and subsequently brought into practice
through appropriate rulemaking action. That is believed to be a reasonable process to follow here

to protect both other DTV and FM broadcast services.

The lack of FCC DTV technical standards considering the NCE FM Broadcast service is found in

the following examples:

FCC Rule Section 73.525 is a rule with the heading “TV Channel 6 Protection.” This rule was
last amended in 62 FR 51059 , Sept. 30, 1997 and describes protection of analog CH 6 television
only. Congress set June 12, 2009 as the deadline for fuil power television stations to stop
broadcasting analog signals in a process called the Digital Transition. It has been 10 years since
full power analog TV stations ceased to exist in the U.S. and yet the rule has never been updated
to address Channel 6 interference for DTV stations. This rule section is primarily concerned with
protection to DTV from WCE FM stations operating in the reserved band.

FCC Rule Section 74.709 is a rule with the heading “Land Mobile Station Protection.” This rule
was last amended in 69 FR 31906, fune 8, 2004 and describes protection of analog T-Band UHF
stations in terms of analog TV only. This rule section deals with analog TV stations’ caused

[ See Comments of SBE General Counsel Chris Imlay RadioWorld July 17, 2019, page 3 “...Imlay cites the FCC’s
“compliance abandonment™ as a growing issue in the field [or radio broadcasters.”
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interference to analog FM signals.

In this case we are concerned about interference to analog FM signals from DTV stations. The
maiter of DTV interference to LM facilities (a parallel to analog FM radio) was touched on in the
Sixth Report and Order in the Matter of “Advanced Television Systems and Their Impact upon
the Existing Television Broadcast Service,” MB Docket No. 87-268, released April 21, 1997, At
paragraph 158 the following synopsis is found:

LMCC and Motorola provided suggestions to alleviate interference from DTV to land
mobile operations citing the significant tightening of the DTV emission mask. It is noted
that existing analog stations have solved interference by reducing power or installed
additional filtering,

There is also this quote. “In an appendix to its comments Motorola provides a technical
discussion indicating that a minimum of 30 dB additional attenuation in the DTV
emission mask is needed to minimize the potential for adjacent channel interference to
land mobile services from short-spaced DTV allotments.”

The information above was never taken further to develop DTV into FM Broadcast interference

criteria at the FCC level to the best of our abilities to research the subject.

What happens when there are no appropriate FCC rules to determine interference to and from DTV
and FM stations may be seen in the July 11, 2G19 “permit-but-disclose” proceeding, NPRM in MB
Docket No. 19-193. In paragraphs 8 — 13 the FCC discusses removing the requirement that FM
stations should protect CH 6 DTV stations. The FCC has no rules for determining FM station
interference into DTV and no technical evidence is cited in the NPRM as a basis for the change
other than the following. The sole substantiation for the change in CH 6 protection is found in

paragraph 10 where studies done by NPR in 2008 and 2009 are referenced:

“We tentatively accept NPR’s conclusion that digital television receivers including digital-to-
analog converter boxes are substantially less vulnerable to FM-induced TV6 interference than
analog sets, but we seck comment on whether this conclusion is still valid after so many
additional years of experience with digital broadcasts.”

In paragraph 13 of the NPRM the FCC introduces the fact that approximately 26 LPTV stations
currently supplement their CH 6 analog TV signal with audio program content on 87.7 MHz and
wish to continue doing so after they transition their video signal to digital in 2021. CSULBRF
notes that the matter of FCC approval for analog audio program content on a CH 6 LPTV DTV

facility is an open matter as seen in footnote 50 pasted in below:
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50 See Amendment of Parts 73 and 74 of the Commission’s Rules to Establish Rules for Digital
Low Power Television, Television Translator, and Television Booster Stations, MB Docket No.
03-185, Third Notice of Proposed Rulemaking, 29 FCC Red 12536, 12554-56, paras. 47-53
(2014) (Third Notice); Third Report and Order and Fourth Notice of Proposed Rulemaking, 30
FCC Red 14927, 14930 n.12 (2015). The Commission noted in the Third Notice that LPTV
operations are secondary and asked whether a prohibition of contour overlap would adequately
prevent interference to primary licensees including NCE FM stations. Third Notice, 29 FCC
Red at 12555, para. 51, (emphasis added)

History — LPTV CH 6 stations with supplemental audio program content on 87.7 MHz

As stated above, the FCC is aware of CH 6 analog LPTV stations operating with supplemental
audio program content on 87.7 MHz. CSULBREF takes no position regarding the public interest
benefits or detriments of analog audio services provided by Channel 6 Low Power Television
(“LPTV™) stations or the merits of retaining such services after analog TV broadcasting ends on

July 13, 2021.

However, CSULBRF strongly urges the Commission to adopt clear technical standards for the
insertion of the analog RF carrier into the DTV CH 6 RI spectrum so that there will be no
interference to NCE FM stations operating in the 88.1 MHz to 91.9 MHz band. Failure to do so
will result in likely interference to 88.1 MHz stations and leave those stations with no
engineering standards to employ to determine whether the CH 6 LPTV DTV facility is operating

in compliance with an FCC specified emission mask.

The FCC ECFS has been thoroughly reviewed from October 2010 to the current date and no

proposed technical standards have been found for CH 6 LPTYV stations operating with

supplemental audio program content on 87.7 MHz. That is not surprising as the history of these

operations, sometimes colloquially referred to as Franken-FMs in Wikipedia, is one lacking in
technical specifics and FCC regulation. Full power television facilities pre-date LPTV facilities,
see historic Subpart D of Part 73 of the FCC Rules and Regulations, 1980, as the example of how

analog TV was regulated.

73.682(a) The visual carrier was placed 1.25 MHz above the lower channel edge and
the aural carrier 4.5 MHz above the aural carrier {The aural carrier
frequency for CH 6 was 87.75 MHz).
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73.682(a)(15) The ERP of the aural transmitter would be not less than 10% and not more
than 20% of the peak radiated power of the visual transmitter.

73.687(b) The aural transmitter frequency deviation was +- 25 kHz for 100%
modulation with 75 microsecond pre-emphasis.

73.687(1) Emissions more than 3 MHz from the upper and lower channel edges to be
attenuated by 60 dB or more and signal level within the 6 MHz channel
per 73.699 Figure 5 and Sa.

When the FCC created the Low Power TV service, as specified in Part 74, Subpart G, Rule
section 74.750 Transmission System Facilitics, Section (a) stated that the transmitter would be
certified under the provisions of Part 74 or part 73. Part 74 did not include the technical detail
found in Part 73 which led to stations wishing to implement supplemental audio program content
creating their own version of how a LPTV transmission system should be configured. The

Franken-FM community morphed full-service standards into its own unpublished standards:
The typical Franken-FM system has been:

Aural ERP equal to Visual ERP instead of not greater than 20% of visual
Aural deviation equal to 75 kHz instead of 25 kHz

Aural carrier frequency 87.7 MHz instead of 87.75 MHz.

No specified emission mask encompassing the aural and visual carriers

This unregulated approach led to interference, or sometimes interference concerns, by stations
like KKJZ operating on 88.1 MHz which were time consuming and expensive to resolve. That is
why CSULBRF urges the Commission to establish very specific technical standards for both CH
6 LPTV DTV and CH 6 LPTV DTV with supplemental analog service if they are to be
authorized in the FCC Rules.

Standards that do provide guidance for determining DTV interference to FM Broadeast

Attached as Appendix 1 is an Engineering Report prepared by NPR Labs dated March 18, 2011.
This report references work undertaken in 2008 to determine CH 6 DTV interference into FM

radio receivers based on the TV station utilizing a full-service emission mask which provides
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greater attenuation of emissions than do the simple and stringent masks authorized to some
LPTV DTV facilities. Review of the study shows that at 88.1 MHz, the required D/U ratio was
minus 12 dB to prevent FM interference when preserving a 40 dB SNR. In terms of contours,
this translates to predicted interference in locations where the DTV F (50,10) 72 dBu contour
overlaps the FM station 60 dBu contour.

Attached as Appendix 2 is the February 2018 DRM Introduction and Implementation Guide.
This guide, at page 76, section 10.6.8.1 specifies the ratio of signal levels from a DRM Digital
transmitter to stations broadcasting analog FM stereo signals as defined in ITU-R BS.412, Annex
5. The ratio for 400 kHz separation, 87.7 MHz interfering to 88.1 MHz desired is -11 dB. In
terms of contours this translates to predicted interference in locations where the DTV F (50,10)

71 dBu contour overlaps the FM station 60 dBu Contour.

Clearly the NAB Labs, DRM and ITU data are in very close agreement and can be used to
predict interference from CH 6 DTV into analog 88.1 MHz stereo stations such as KKJZ as well
as for other frequency separations. Figure 1 attached depicts the KKJZ(FM) predicted 60 dBu F
(50,50) contour and the KZNO-LP CH 6 LPTV DTV 71 dBu F (50,10) interfering contour. The

KZNQO-LP interfering contour overlaps 6,401,127 persons inside the KKJZ 60 dBu contour
which is 79.5% of the 8.0506,045 persons in the entire KKJZ({FM) 60 dBu contour.

LPTV DTV with supplemental analog audio services on TV Channel 6 Emissions

Compliance Failure

The FCC Full Service and LPTV stringent and simple emission mask criteria have been
extracted from IEEE P1631TM/D3, Draft Recommended Practice for Measurement of 8-VSB
Digital Television Mask Transmission Compliance USA. The emissions mask requirements for

Full Power FM Broadcast station emission requirements are taken from FCC 73.317.

Proponents for supplemental analog service on CH 6 LPTV DTV stations filed a Notice of Ex
Parte Communications in MB Docket No. on June 10, 2019 containing 28 pages. The third page

of the slides states “An 87.7 MHz audio signal can co-exist on the same 6 MHz channel as a
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are provided to support this statement. On slide page 12 the proponents show what might be

called an emission mask for a modified CH 6 DTV and FM aural signal.

Figure 2 attached depicts the actual FCC emission masks for Full-Service DTV and Full-Service
FM operation. There is no comparison between the Proponents’ slide and the FCC emission
mask characteristics. CSULBRF urges the Commission to require verifiable emission mask
limits for supplemental analog service on CH 6 LPTV DTV, that do not interfere with FM
broadcast signals in the 88.1 — 91.9 MHz band, before authorizing the service and document the
standards so that compliance is readily verifiable and coverage without interference maintained.
Failure to put specific technical standards in place will leave other DTV and FM broadcast
stations unprotected and abrogate the regulatory oversight that the FCC was established to

provide.

Conclusion

This engineering statement is believed to demonstrate that the FCC has no published standards in
place for the Media Bureau to employ for the purpose of calculating interfere to and from CH 6
LPTV DTV facilities and full service NCE FM broadcast stations. Nothing has been stated in
this filing, or any other known FCC filing or proceeding, regarding LPTV DTV interference to
FM stations operating with HD radio and the interference that could occur. This is a matter that

also deserves the Commission’s attention.

Both NPR, DRM and the ITU have undertaken studies and set standards for use in the VHF
bands that allow for a prediction of LPTV DTV interference to stations located in the NCE FM
band to be made. These standards are based on DTV and analog FM stations operating in
accordance with accepted, published standards including emission mask compliance. Those
standards, when applied to the KZNO-LP facility show massive caused interference potentially

impacting over six million people inside the KKJZ(FM) 60 dBu F (50,50) contour.

It is believed that it has been has been shown that parties currently operating supplemental

analog audio services on TV Channel 6 do so without any published FCC technical standards

Page 7

and, therefore, interference from these facilities may be even worse than predicted here for
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possible future supplemental analog audio services on DTV Channel 6 LPTV facilities.

The foregoing was prepared on behalf of California State University Long Beach Research
Foundation by Clarence M. Beverage of Communications Technologies, Inc., Marlton, New
Jersey, whose qualifications are a matter of record with the Federal Communications Commission.
The statements herein are true and correct of his own knowledge, except such statements made on

information and belief, and as to these statements he believes them to be true and correct.

Pl 7 A A

Clarence M. Beverage
Jfor Communications Technologies, Inc.
Marlton, New Jersey

July 29, 2019
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Engineering Report
Regarding a Study of the Impact of Increased Transmission Power
As Proposed for Channel 6 DTV Stations
On Noncommercial Educational FM Station Reception
NPR Labs - March 18, 2011

The Commissicn’s current Notice of Proposed Rulemaking (“Notice™), proposes to
increase the maximum transmitted power of digital television stations on channels 2 to 6
(“low-VHF”) from 10 kW to 40 kW, referenced to a height above average terrain of

305 meters.! Because most noncommercial educational FM (NCE-FM) stations operate
on special reserved channels that are adjacent in frequency to channel 6, there is a
potential for DTV out-of-band emissions that are compliant with the FCC’s emission
mask to interfere with NCE-FM stations in the vicinity of channel 6 transmitter. NPR
prepared this study to determine whether, and to what extent, the blanket increase in
power proposed by the Commission may increase the interference to reception of existing
NCE-FM stations. As discussed further, below, the study identified a substantial number
of NCE-FM stations that would receive interference from just nine current channel 6
DTV stations.

Methodology
There are nine full-service DTV stations operating currently on television channel 6.

These stations, with their current facilitics, are shown in the following table. Three
stations are authorized in TV Zone I, in which the FCC proposes the ERP increase. For
these stations, the maximum ERP was determined according to the modifications to
§73.622(f), as described in Appendix A of the Notice, taking into account the DTV
station’s antenna height. For example, WEDY, New Haven, Connecticut, operates with
0.4 kW at a height of 88 meters, which the Notice proposes could be increased to 40 kW
as its antenna height is less than 305 meters. WRGB, Schenectady, New York, and
WPVI-TV, Philadelphia, Pennsylvania, have antenna heights greater than 305 meters,
which allows their respective ERPs to be increased according to the formula:

ERP,, =98.57-33.24%log, (HAAT)

No change in the ERP of channel 6 DTV stations in Zones 1I and Il is proposed in the
Notice. However, it is apparent that four of the six stations in these zones currently
operate at less than maximum facilities. This study assumes that these broadcasters
would undertake transmitter improvements as presently allowed, employing the
maximum ERP for their present height:

ERP,,, =103.35-33.24 *log,, (HAAT)

mas

! Notice of Proposed Rulemaking in EM Docket No. 10-235, adopted November 30, 2010.
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Full-Service Channel 6 DTV Stations by TV Zone, Showing Present and Proposed ERP**

c;ilhé;fgn v S iy St. | File Number | P2 H&’ST st | e

kW) | (kW)
WEDY* | 1 | LIC | NewHaven | CT 2036%135;}3 ;| 13595 88 04 40
WRGB I | CP | Schenectady | NY 200%8:?{31_ Ax | 739492 3% | 464 168
Tl 1| e | Phitadelphia | PA | L SPCOR | s616 32| 756 302
WUOA | Il | CP | Tuscaoosa | AL | , BT 77496 95|  4s| 45
| e | wrens GA | Lomsteronce | 23937 | 404 | 79| 217
EESD_ | 6F | Ensien B 20(%}:)(635)(;1; By | oot AleS ! ®
oM | e | Buie MT | e sy | 18066 | 5913 | 192 192
B | ue | g NE | oomociinpL | 21162 21| 119 45
AW | Lie | petham OA | Jpoebe T | 2091 3789 | 105| 287

#* Zone 2 and 3 proposed ERP shown for maximum facilities under present rules
*WEDY was granted substitution to channel 41 on March 16, 201 1; current channel 6 operation is assumed

In 1998, NPR commissioned a study of the effect of DTV emissions (“emissions study”)
on channel 6 on a variety of fixed and mobile FM receivers tuned to reserved band
channels, (88.1-91.9 MHz).? The instant study derived its RF interference ratios from the
1998 report, which NPR believes is still appropriate, as the interference mechanism is
essentially one of digital emissions that are co-channel to the desired FM signal, against
which receivers have minimal ability to discriminate. NPR’s extensive analog FM
receiver testing over the past several years has reinforced the finding that co-channel
interference rejection has not changed significantly.

The NPR emissions study tested six FM receivers, listed in the table below. These
included home stereo, portable and automotive receivers (of which four were used for the
Electronic Industry Association’s In-Band On-Channel digital radio compatibility tests).

Receiver Receiver Model Receiver Description
Number

l Denon TU-380 RD Home Hi-Fi RBDS

2 Pioneer SX-201 Home Hi-Fi Competitive

3 Panasonic RX-FS430 Competitive Portable

4 Delco 16192463 Auto

5 Denon TU-680NAB Home Hi-Fi Top of the Line

6 Audiovox AV 220 ETR | Auto after market

2 DTV Channel 6 Interference to FM Band Reception — Final Report, National Public Radio, July 24, 1998.
This report was filed with the Commission in 1998. Tests were performed at NASA's Lewis Rescarch
Center in Cleveland, Ohio by the Digital Radio Test Laboratory - Mr. Thomas Keller, senior consultant.
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The emissions study conducted laboratory measurements with an 8-VSB exciter to
generate the DTV signal operating on TV channel 6. The DTV out-of-channel emissions
were adjusted to simulate the FCC February 23, 1998 emissions mask and four other
emission masks. For this study, the measurements were compiled from tests with an
emission mask corresponding to the “Method 17 currently required for full-service DTV
stations.” The tests objectively measured the interference to FM stereo transmissions
operating on frequencies in the lower 2 MHz of the FM band caused by out-of-channel
emission of a DTV transmitter operating on TV channel six.

The interfering audio noise was measured using the CCIR weighting filter and quasi-peak
detection (Psophometric). The tests recorded the audio signal-to-noise ratios versus RF
desired-to-undesired (D/U) ratios at each reserved band frequency (88.1 to 1.9 MHz) at
signal powers of -56 (medium strength) and -71 dBm (low strength). Although the
measurements were collected for SNRs up to 45 dB, the D/U ratio criteria for this study
were derived for an audio SNR of -40 dB. In consumer tests conducted recently by NPR,
this represented a level of background noise at which mean opinion scores of listeners
were dropping rapidly, particularly for speech programming, to a level of 3.1,
corresponding to only “fair” quality. This impairment also related to the level at which
50% of listeners found the noise to be “annoying™ or “slightly annoying.” At lower
SNRs, mean opinion scores fell to “poor” levels and leave-on decisions began to drop
significantly.*

Data from the laboratory measurements was available at 88.1, 88.3, 88.5, 89.1 and
90.1 MHz, as shown as points in the following graph. A linear regression line was used
to determine the appropriate D/U ratios at all reserved band frequencies.

D/U ratio data from receiver {ests [or an audio SNR of 40 dB

=20

& 40dE 3KR dara

-30 4
—— LIngar {40 dB SNR data)

D/U (dB)

40

-5 4

-6

88 69 a0 51 92
Frequency (MHz)

* The DTV emission mask was adopted in FCC Memorandum Opinion and Order on Reconsideration of
the 6th Reporl and Order, Released 23 February 1998, and codified in Section 73.622({h) of the FCC Rules
(47 CFR 73,622}, The details for Method | were specified in Commission's Public Notice in DA 05 1321,
May 10, 2005.

* Consumer Ratings Of Impaired Audio At Various Signal/Noise Ratios, Ellyn Sheffield, Towson
University, Jobn Kean and Dan Schwab, NPR Labs-National Public Radio,
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To prepare coverage maps that realistically predict coverage, NPR employed a terrain-
sensitive pathloss model to determine and show the actual effects of terrain on coverage.
This model uses the sophisticated propagation algorithm called the Terrain Integrated
Rough Earth Model (TIREM), developed at the Joint Spectrum Center (JSC, formerly
ECAC) in Annapolis, Maryland. TIREM uses detailed terrain profiles to compute values
of basic transmission loss from point to point. The model evaluates the profile between
two sites and, based on the geometry of the profile, selects automatically the most
probable mode of propagation from various knife-edge models, a rough-earth diffraction
model, and line-of-sight models. When combined with the United States Geological
Survey (USGS) 30-arc second terrain database, as has been done, the TIREM model is an
accurate available means of predicting signal strength from both the FM station and the
DTV station.

The map presented here shows TIREM-computed desired-to-undesired (D/U) ratios for
the predicted effect on FM station coverage, for NCE-FM stations in the 88.1 to 1.9
MHz range, from potential interference from a DTV station operating on TV Channel 6
(82-88 MHz). In all cases, the FM station is treated as the desired station, so negative
D/U ratios indicate areas for higher DTV station signal strengths. An FM threshold of
40 dBp was selected, under which no D/U ratios were cutJmputed.5 A 2-meter receiving
antenna height was assumed for all cases.

Map showing coverage and interference calculations for WYCR-EM, Ch. 202B1, Loudonville, NY
R " F I P ‘g

5"

i/
Y aehie fmisr
LR 3

% It should be noted Lhat field strengths predicted at 2 meters above ground with TIREM represent
substantially higher field strengths with the FCC’s F(50,30) curves, which assume a receive height of
9.1 meters.
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The map, above, shows a sample of the coverage calculations for WVCR-FM,

Ch. 202B1, Loudonville, New York under present conditions. Locations in green and
yellow exceed the minimum service criteria of 40 dBp at 2 m above ground; whereas
locations in green exceed the D/U value for interference from digital television station
WRGB, channel &, in Schenectady (transmitter not shown on map). For this study,
population is counted within the NCE-FM station’s 60 dBu contour, and must be above
the minimum field strength criteria. Locations in yellow are below the D/U threshold and
receive interference, and again, only population within the NCE-FM station’s 60 dBu
contour is counted for interference. The map study is then repeated with the proposed or
maximum allowable (Zone II and IT) channel 6 facilities.

In the table below, WVCR-FM shows a population served (in the absence of DTV
interference) of 708,111, with 180,874 of that number receiving interference, amounting
to 26 percent of WYCR’s potential population. Under the increased power proposed for
channel 6 stations, the population of interference increases by 42,396, to 229,270, or

32 percent of WVCR’s potential population. This is an increase of 6% in population that
would receive interference if WRGB increased ERP to the maximum allowed in the
Commission’s Notice.

Population within 60 dBu contour of WVCR-FM Population Percent
meeting criteria below {20600 Census) | Population
Total served (green and yellow) 708,111 w
Present area receiving interference (yellow) 180,874 26
Area receiving interference at proposed WRGB operation 229,270 32
Change in population receiving interference 42,396 6

This method was applied to all 1735 licensed NCE-FM stations operating in the reserved
band (88.1 to 91.9 MHz, inclusive) in late February, 2001. Table 1 summarizes the
effects of DTV interference to NCE-FM stations for the nine channel 6 stations, at their
current ERP and at increased ERP as proposed by the NPRM.

Table 1 lists only the 60 NCE-FM stations having the greatest interference from current
channel 6 stations as a percentage of their service population. “Service (Pop.)” refers to
the population within the 60 dBp service contour of each NCE-FM station who receives a
terrain-limited signal, as discussed above. The three columns to the right, respectively,
show the population of interference for the NCE-FM station with the most-critical
channel 6 station operating at the ERP proposed by the NPRM, the percentage of this
population relative to the current service population, and the increase in interference over
the current conditions. Stations that have no entries in these three columns are affected
by channel 6 stations that are already at their maximum facilities, as defined by the
NPRM. All percentages are rounded to the nearest whole percent. It is notable that
magnitude of interference is not reserved for the NCE-FM stations on the lowest-
frequency channels: interference may affect large percentages of the station’s population
on any reserved band channel.

For the existing nine DTV stations on channel 6, this study found that under present
channel 6 power limits,19 NCE-FM stations have interference of up to 2.5%, 9 have
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interference to between 2.5% and 5%, and 17 stations have interference to more than 5%
of potential service population (seven exceeding 40%). These results are summarized in
the histograms, below, showing present DTV powers on the left and proposed powers on

the right.
Interference o NCE-FM Stations
&l Prasant DTV Powers
35
25 o
w0
[=}
197
"5
£
10 1 ;
5 | ﬂ
. 10BN o.o.0-

e S as?"“"p £ 5° &

Populaticn Receiving Inlerference

# of Stations

20
15 1
10
51

1]

inlerference to NCE-FM Stalions
at Proposed DTV Powers

IHI_I E_I.I—']:.—':.—-:H.I_I

A AT AP L

Population Receiving Interference

Under the channel 6 power limits proposed in the Notice, 31 NCE-FM stations have

interference of up to 2.5%, 12 have interference to between 2,.5% and 5%, and 21 stations
have interference to more than 5% of potential service population. Considering that these
numbers relate to only nine channel 6 DTV stations, it is apparent that each DTV station

affects numerous NCE-FM stations. Increases in the number of channel 6 DTV stations
will multiply the numbers of affected NCE-FM stations,
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Table 1 - 60 NCE-FM Stations Receiving Greatest Interference from Channel 6 DTV Stations

Current NPRM Increased DTV-6 Power
N FM . DTV-6 DTV-6 Interference
Callsign Channel S(;r:lc;a Interference In!er(f::)ance Interference Inler(f:;;e nee change
. (Pop.) {Pop.) (%)

WXVU 206 231,725 176,326 76% 206,885 89% 13%
WPEB 201 104,813 71,277 68% 73,719 70% 2%
WBFR 208 428,733 263,655 61% *
WYBF 206 276,098 151,997 55% 179,820 65% 10%
WVSU-FM 216 381,873 199,023 52% 204,530 54% 1%
WRUC 209 105,423 44,257 A2% 82,124 78% 36%
WMFT 205 607,992 254,234 42% 260,666 43% 1%
WLJR 203 299,125 88,166 29% 101,240 34% 4%
WVCR-FM 202 708,111 186,874 26% 229,270 32% 6%
WGIB 220 730,661 156,283 21% 157,894 22% 0%
WADY 207 275,828 49 557 18% 50,534 18% 0%
WXPN 203 4,759,654 704,574 15% 759,538 16% 1%
WAMC-FM 212 1,225,445 180,525 15% 247,259 20% 5%
WPGL 214 101,816 7,852 B% 9,554 9% 2%
WMHT-FM 206 866,291 61,688 7% 02,479 11% A%
WNHU 204 398,324 21,987 6% 62,516 16% 10%
WAFJ 202 482,171 25,435 5% 38,034 8% 3%
WCDB 215 186,322 9,218 5% 20,261 16% 11%
WAYT 201 454,348 20,297 4% 23,691 5% 1%
KJLF 213 47,140 1,992 4% 2,267 5% 1%
WQAI 208 187,867 7,483 4% 11,485 6% 2%
WFSLU-FM 205 617,406 24,063 4% 24,914 4% 0%
WGRS 218 175,283 5,382 4% -
KFRD 205 48,755 1,573 3% 2,01 4% 1%
WLJK 206 515,716 14,192 3% 25,650 5% 2%
WUAL-FM 218 342,330 8,961 3% 9,833 3% 0%
WSHN-FM 218 177,566 4,103 2% 20,776 12% 9%
WJHO 209 63,597 1,401 2% .
KQLR 209 48,218 980 2% 990 2% 0%
WBHM 212 1,075,267 20,842 2% *
WPKN 208 1,941,002 29,114 2% *
WJICK 202 191,465 3,161 2% 3,161 2% 0%
WSJL 20t 156,373 2,342 1% 2,836 2% 0%
WVYC 201 66,902 830 1% "
KAIG 210 84,188 1,034 1% 1,082 1% 0%
WKNG-FM 208 19,474 222 1% 5
WJSR 216 47,311 509 1% 663 1% 0%
KAPC 217 46,882 447 1% 447 1% 0%
WaJY 207 307,450 2,823 1% 3,622 1% 0%
WAPJ 210 41,335 378 1% &
Ww8sYQ 205 215,859 1,649 1% 5,825 3% 2%
WDIY 201 363,881 2,573 1% 14,209 4% 3%
WHYY-FM 215 5,399,626 6,504 0% L 0%
KPNE-FM 219 49,071 44 0% 605 1% 1%
KANZ 216 68,819 43 0% 66 0% 0%
WMHS 2 75,711 o] 0% 3,194 4% 4%
WKDU 219 942,167 D 0% 30,147 3% 3%
WPKT 213 1,727,969 0 0% 49,118 3% 3%
WDNR 208 60,644 0 0% 1,691 3% 3%
WZZD 201 86,363 0 0% 1,950 2% 2%
WHVP 216 53,873 0 0% 1,088 2% 2%
WNJT-FM 201 417,456 0 0% B,065 2% 2%
WRXC 211 128,217 0 D% 2,391 2% 2%
WFGB 209 355,128 0 0% 5,408 2% 2%
WSHU-FM 216 1,696,967 0 0% 13,332 1% 1%
WJGCS 207 401,562 0 0% 2,349 1% 1%
WJIMJ 205 1,104,526 0 0% 5,689 1% 1%
WESU 201 332,972 0 D% 1,681 1% 1%
WMNR 201 126,741 0 0% 537 0% 0%

* Offending channel 6 station already at maximum facilities {no change in channel 8 interference).
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CERTIFICATE OF SERVICE

I, Evelyn M. Ojea, do hereby certify that I have, this 30" day of July, 2019, caused a
copy of the forgoing “Petition for Reconsideration” to be sent by first class United States mail,
postage prepaid, to the following:

Joan Stewart, Esq.
Wiley Rein, LLP
1776 K St., N.W.
Washington, DC 20006
Counsel for Venture Technologies Group, LLC
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Evelyn M.

(013370761}
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The DRM Digital Broadcasting System
Introduction and Implementation Guide

PREFACE

This guide is aimed at the management of broadeasting organisations in areas of policy making as well as in
programme making and technical planning. it explains in some detail the advantages gained by radio
broadcasters introducing the DRM® Digital Radio Mondiala™ technology and some of the technical and
commercial considerafions they need to take into account in formulating a strategy for its introduction.

The guide is a development of the previous ‘Broadcast Ussr Guide’ and insludes information on latest system
and regulatory aspects for the introduction of the various DRM system variants. It also includes links to reports
and articles on an extensive range of highly successful real-life trials.

Digital Radio Mondiale {DRM) is the universal, openly standardised digital broadcasting system for all
broadcasting frequensies up to 300 MHz, including the AM bands (LF, MF, HF) and VHF bands |, || {FM band) and
.

DRM Is greener, clearer, wider, bigger, better guality & audio content and cost efficient than analogue radio; it
provides digital sound quality and the ease-of-use that comes from digital radio, combined with a wealth of
enhanced features such as, Surround Sound, Journaline text Information, Slideshow, EPG, and data services.

DRM on short, medium and long wave for broadcasting bands up to 30 MHz {called 'DRMA30" provides large
coverage areas and low power consumption. The DRAM standard for broadcast frequencies above 30MHz (called
'DRM+') uses the same audio coding, data services, multiplexing and signalling schemes as DRM30, but uses a
transmission mode optimised for those bands, The DRM system specification Is published as ETSI standard ES
201 980 [1]. A full list of DRM standards and specifications is available on-line at www.drm.org. A summary list is
also included in Annex 1.

Readers looking for greater technicai detail can refer to a range of published information that covers various
specialised aspects of the DRM system and which provides getalled explanations of Its operation. The most
important ones are noted In Section 12, or are listed on the DRM website: www.drm.org.

The DRM Consortium {Digital Radio Monglale) is an international not-for-profit
.. organisation composed of broadcasters, network providers, transmitter and
receiver manufacturers, universities, broadeasting unions and rasearch institutes.
9o D r m its alm is to support and spread a digital broadcasting system suitable for use in

® @ all the frequency bands up to VHF Band lll. In 2018 there are around 90 members
L MEMBER and 100 Supparters from 40 countries active within the Consortium.
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—xecutive Summary

2.1 What is DRM?

The DRM Broadcasting system has been designed by broadcasters, for broadcasters, but with the active
assistance and participation of both transmitter and receiver manutacturers and other interested parties {such as
regulatory bodies). it has been designed specifically as a high quality digital replacement for current analogue
radio broadcasting in the AM and FM/VHF bands; as such it can be operated with the same channelling and
spectrum allocations as currently employed. An overview of the frequency-bands where DRM operates is shown
in Figure 2.1,

The DRM standard describes & number of different aperating modes, which may be broadly split into two
groups es follows:

‘DRMI0’ modes, which are specifically
desligned to utilise the AM broadcast bands
below 30 MHz, and

'‘DRM+' modes, which utilise the spactrum
from 30 MHz to VHF Band llI, centred on the
FM broadcast Band Il

180 kHz | MH:z 16 HHz 100 MHz 1 GHx

Figure 2.1: Frequency Band Overview

DRM has received the necassary recommendations from the ITU, hence providing the international regulatory
support for transmissions to take place. The main DRM standard [1] has been published by ETS). In addition,
ETS! publishes and is the repository of the entire range of current DRM technical standards.

Aparl from the ability to it In with existing spectrum requirements, the DRM system also bensfits from being an
open system’. All manufacturers and interested parties have free access to the complete technical standards,
and are able to design and manufacture equipment on an equitable basis. This has proved to be an important
mechanism for ensuring the timely intreduction of new systems to the market and for accelsrating the rate at
which equipment prices reduce. This is a significant consideration for broadcasters investing in DRM
infrastructure, manufacturers investing In receiver development and production, and even more for the listeners
who will need to invest in the new DRM-capable receivers.

1 An open system cr standard is ane In which a complete systam dsscriplion is apenly published with suflicient
tachnical detall ta allew & manufasturer to itnplemant the whale or parl of the broadcast chain,
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2.2 Why go Digital?

There is a global trend towards the adopticn of digital technology in radio and communications, espedially for
distribution and transmission. Digitalisation offers many substantiel advantages to national and international
broadcasters and ‘infocasters'.

Implementation of digital radio in the AM and FM bands enables operators to provide services which will be
successful with both existing and future high-quality services operating on other parts of the dial. Digital
broadcasting has many advantages when compared to the conventional analogue system we use now.

The introduction of DRM services allows a broadcaster to provide listeners with significant improvements In
service reliability, audio quality and, most importantly, usability. By usabllity we mean those features that enhance
the listener expetience, as outlined below,

The DRM standard provides many features and facilities that are Impossible to replicate in analogue broadcasting.
It is essential that prospective broadzasters understand the potential and flexibility of the systam in order to allow
them to optimise and configure their DRM networks in accordance with their particular market conditions.

From a technical perspective, a key and revolutionary feature of DRM is the abllity to select from a range of
transmission capabilities. This allows the broadcasters to balance or exchange audio coding guality {bit-rate),
error control (signal rebusiness), transmission power and coverage. What's more, it is possible to do this
dynamically, in response to any local changes in the environment, without disturbing the audience. A classic
problem that can be mitlgated by this feature is dealing with night-time sky-wave interference in the AM bands.

Furthermore, DRM Is the only digital radio system that embraces all the currently used radio frequency bands; it
provides an ideal replacement for existing analogue services as well as complementing other digital radio
services, such as DAB,

From a commercial perspective, there is no demand from audiences to ‘consume’ digital services for their
own sake. It is essentlal therefore that the audience is presented with an attractive package of benafits:

» The availabifity of a wider range of services;

+ Easier tuning and selection of programming — e.g. automatic switching between different transmitters or
electronic programme guides;

* Improved formats such as stereo in the ‘AM bands' and surround-sound in cars;
* |mproved and more consistent sound quality;

* Programme-associated data, textual content description or even independent services such as traffic
informaticn.

The impertance of quality content, while outside the scope of this guide, cannot be stressed too highly.
Subsequent sections of this guide provide more detailed information on these enhancements.

2.3 Key system features

The system is specifically designed to allow the new digital transmissions to co-exist with the current
analogue broadcasts, and a significant amount of work has been undertaken to quantify the operating
parameters that assure mutual analogue and digital compatibility. Hence the changeover from analogue to digital
broadcasting can be phased over a period of time, which in turn allows existing breadcasters to spread the
required investment to meet any budgetary constraints., Furthermore, unlike some other digital systems, the DRM
system has been designed to allow suitable analogue transmitters to be modified to switch sasily between digital
and analogue broadcasts. This can significantly reduce the initial investrent cost for a broadcaster. An addltional
budgetary benefit is the reduction of transmission energy costs.

DRM exploits the unique propagation preperties of the AM bands. The introduction of DRM30 services allows a
broadcaster to provide listeners with significantly improved audio quality and service refiability. As a result,
International broadcasters can provide services on HF and MF that are comparable to local FM services, whilst
enhancing the listener experience with easier tuning and added data services. National and local LF and MF
broadcasters will derive similar benefits,

In the VHF bands, DRM+ can be configured to use less spectrum than current stereo FM broadcasts, whilst
additionally deriving the potential benefits of increased robustness, reducad transmission power,
increased coverage or additional services.

This is not all; a summary of the key benefits of DRM for the listeners, manufacturers, broadcasters and
regulators is given in Figure 2.3.

DRM Infroduction and Implementation Guids
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« Excellent quality souid in stereo DRM30, €D quality in DRM+
* Data such as text, pictires and Journaline LISTENERS
-« Easy tuning on station name

» Raplace receivers with new digital receivers
« Increase the market potential MANUFACTURERS

» Increase possibilities for new areas of interest and :conteni

» Multitingual programme is possible plus extra information
+ Retuced power cofisumption of up-to 40-50%

¢ Increasett opportunity for revenue generation streams

* Full coverage In DRM maintained

Uses Ies$ spectiuin and rélease spectrim for other use
Aninternational standard

Lower power costs — green broadcasting

Emergency warning:alart

REGULATORS

Figure 2.3; Key Benefits of DRM

DRM is unique in providing an extensive and extremely powerlul ‘toolkit’ array of operating modes and
techniques, which allow a broadcaster to tailor the system to best meet tha needs of his or her particular market.
For instance, DRM allows the independent selection of modulation parameters (code-rates, constellation, guard-
intervals, etc.} to enable an optimum trade-off between capacity and signal robustness. DRM also
supports both multi- and single-frequency network operation, {MFN/SFN}, and hand-over to other
frequencies and even other networks (AFS - Automatic Frequency Checking & Switching). This latter feature
allows a broadcastsr operating on several different platforms to hand a listener from DRM to AM, FM or DAB and
back again. The appropriate signalling is intrinsically supported by DRM and DAB, and by data carriers on AM
and FM {AMSS and RDS respectively).

Of particular note amongst the various data services are the SlideShow and Service and Programme
Information (SPl), which allow listeners with appropriate receivers to access images and the broadcast
schedule and set recording times accordingly, and Journaline, an interactive text application.

DBM can alert the widest possible audiences in case of pending disasters through its built-in Emergency
Warning Feature (EWF), allowing it to serve as a last resort when all local infrastructure is down by covering
the affected area with radio signals from outside. In case of an emergency, DRM receivers are ordered to switch
o and present the emergency programme, and may aven be able to turn on automatically. The emergency
programme combines on-screen signalling, audio content, DAM text messages, and may include Journaline text
with detailed look-up informaticn in multiple languages in parallel.

DRM is being cperated at power levels ranging from a few watts on 26 MHz through to several hungrad kilowatts
on long-wave, It is possible to utilise the one technical standard to provide coverage ranging from international,
national (c.1000 km), all the way down to local community radio {c.1 km radius).
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INntroduction

3.1 The objectives of this guide

This document is written primarily as a guide to radio broadcasters contemplating a transition from analogue to
digital broadcasting in the AM and VHF broadcasting bands. It will also be of value to manufacturets, setvice-
planners, adminisirations and regulatory bodies involved with broadcasting systems and/or policy. The
docurment is intended to;

s Explain how and why a broadcaster might go digital, from both technical and commercial perspectives,
* Describe the basic operation of the DRM system and its many features.

* Provide a definitive source of references to key technical standards, including regulatory, co-ordination and
planning Information for DRM broadcasting.

* Supplement various existing documents, as appropriate.

* Provide information on where to find additional material on the practical experiences and know-how that
DRM members, broadcasters and supporters have galned from several system trlals.

3.2 What's included in this guide?

This guide provides more detailed information on both the technigues described above and other useful features,
such as bespoke commercial applications designed to run on the DRM platform. The techniques are genarally
applicable equally to interrational, national and iccal services.

This document addresses the following aspects of the DRM system in particular, and Digital Radio in general:

s Launching Digital Radio: Includes a surnmary of the critical success factors and lessons learnt by
broadcasters who have migrated and launched digital radio services.

= DRM Technology: Description of the broadcast chain and maln features of the DRM Systern, followed by a
look at the options for talioring a DRM systemn to broadcasters’ requirements. The DRM System secllon also
introduces multi- and single-frequency networks, alternative-frequency signalling and DRM simulcast
options.

= DRM Content: This section covers ali aspects of DRM conient, from essential meta-data relating to
receiver tuning through audio coding and quality issues, to finally, an overview of value-added services.

» Broadcast Network Infrastructure: contains a description the broadcast network from studio output
through to the radiated signal. This section includes a wealth of practical knowledge related to DAM
transmitter specifications, antenna systems, programme distribution, network synchronisation and
information relating to transmitter measurements and monitoring equlpment.

+ DRM recetvers: |t provides an overview of recent DRM receiver technology and relevant specifications.

+ Regulatory aspects and Service Planning: Information on how DRM services may be introduced into
the bands with respect to the HFCC planning process in the HF bands, and the existing Regional Plans
covering the LF and MF or higher frequency bands. Specialised applications such as NVIS (Near Vertical
Incidence Sky-wave) and SFN (Single Frequency Networks) are also explained here. Information is also
included here on how transmissions may be monltored in order to verify coverage. In additlon, this guide
includes information on the regulatory and planning aspects for the intreduction of DRM+ in the VHF
frequency bands.

s |PR: A description of DAM branding and logos, together with a description of the DRM technology licensing
process.

Annexes: Further technical descriptions of the DRM system and related technology, together with reference to
putlished artlcles and system trials.

DRAM introduction and impiementation Guide
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Launching Digital

Radio Services

4.1 Introduction

Building a digital radio network is ralatively easy. Migrating listeners and/or building an audience fram scratch is
a significant challenge. Over the last decade this has been amply demonstrated in a diversity of markets and
driven by both public and commercial radio consoertia. 1t s instructive to examine the underlying reasons for this
situation, and indeed for those markets where digital radio has achieved some success, much analysis has
already been undertaken to understand both the mistakes made and the critical success factors involved, These
are summarised below,

4.2 Critical success factors for Digital Radio

Several factors have all been identified as key determinants to success in building an audience on digital radic.
The principle challenge lies in getting digital receivers into the market in volume. Inevitably, for a new technology,
we're starting from an installed-receiver base of zero, Consumers need to be initially made aware that exciting
new services are on-alr, and then be told how they can recelve them. These are marksting issues.

The approach taken by an individual broadgcaster will clearly be dependent on a number of factors, not least the
budget avaflable, access to broadcast spectrum, the nature, competitiveness and maturity of the local radlo
markst, and the demographics of the target audience.

4.2.1 Working together promotes success

All the stake-holders need to be co-cordinated and committed to the launch of digital radio services to reduce
overall risk. Factors that are cruclal to snsuring success [nclude;

¢ Regulatory incentives and support from the local administration;

» Ideally, all broadcasters cperating in the same region (both commercial and public service) participating in
the launch, or at least a grouping with sufticient resources to launch a critical mass of new services;

+ Similarly, the full engagement of fransmission providers, and crucially, retailers and receiver manufacturers.

Getting the whole process started involves a series of logical conditions to be met. These feed back 'positively’
in a loop, which fundamentally requires the breadcaster to take the initiative:

Consumers won't buy new radio products unless there is a compelling reason to
buy (exciting new content, ‘must have added-value services or features, stc.)

'
Retailers won't stock new products unless they can see consumer demand.

Manufacturers will not produce radios withaut retailers’ orders.

All too frequently, a broadcaster will not launch new digital services due to an
absence of digital radios or very low market penetration.

In some countries this process is aided and the loop ‘booted’ through the formation of one or more, National
Platforms, where plans are developed and co-ordinated and funding agreed.
®
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4.2.2 Consumers need a reason to buy

The most powerful driver found to date is access to new content. There are other drivers, for instance ease of
use and launching services with an absence of advertising Into a market where such advertising is perceived as
intrusive by a large section of the audience, Additionally:

+ Benefits need to match price of entry;

* Improved quality has only marginal attracticn: there may be some examples where this does assist take-up,
but it is very much a secondary factor.

4.2.3 Technology solutions need to be readily available

* |t goes without saying that the receiver industry must play its part in ensuring that products are available at
the right moment and at the right price-point. Creating a strong initial demand through appropriate
marketing assists in raising volumes and reducing costs.

4.2.4 Marketing needs to ba right

s [t is essential that the marketing of the new services is sustained and high profile. Existing broadcasters can
use their own medla to cross-promote: television, radio and on-line. Competitions can be held with prizes of
digital radios. Using creative scheduling, it is possible to entice people to use digital services by, for
example, pre-releasing prime content on digital ahead of analogue, or vice-versa, using the digital service to
repeat programmes which were missed the first time round.

It is important that all stakehalders play their part for the greater good. Each party may perceive high risks
{though not at the same time); a collaborative modal raduces these tisks as far a possible end should lead more
quickly to success.

4.3 Digital Migration

The DRM system was specifically designed to align with and make use of current analogue spectrum allocations
to co-exist with currant analogue broadcasts?, This allows broadcasters o make the required investment on a
timescale that meets their budgetary needs, It wiil ensure that expensively acquired and perfectly satisfactory
transmission equipment and infrastructure Is not suddenly made obsolete. Suitable analogue transmitters can be
modified to switch between digital and analogue broadeasts, further reducing the initial investment required for a
broadcaster wishing to migrate to DRM. This in tumn allows broadcasters to focus their capital resources on new
content and services, Additionally, the reduction of the transmitting energy costs allows additional revenue
savings, which can be ploughed back into programming.

Apart from the abllity to fit In with existing spectrum requirements, the DRM system also benefits from being an
'‘open’ system, allowing any manufacturer 1o design and manufacture equipment on an equliable basis. This has
proved, in the recent past, to be an important mechanlsm for ensuring the timely Introduction te market of new
systems and for accelerating the rate at which equipment prices reduce. This is a significant conslderation for
broadcasters but even more so for the millions of listeners who will need to invest in new, DRM-capable recelvers.

4.4 Migration policy and choice of technology

It is clearly impartant for any administration regulating broadcasting to choose the systems used for digital
broadcasting, both rgdio and TV, in order to avold consumer confusion and a proliferation of standards. it also
avolds the premature writing-off of investments made by broadcasters in the 'wrong’ technology.

Factors that might become of greater importance in the 21st contury include:

* Energy constraints: choice of system to minimise power consumption in both transmitters and consumer
receivers, Efficient network planning and robust transmission parameters play a key part, optimising
coverage and avolding excessive transmitter power levels.

» Economic and Social benefits which might flow from, for instence, the pravision of universal real-time
traffic information, or local design and manufacture of digital recelvers.

* Control of leng-term costs through a full knowledge of royalty charges and the ability to design and
manufacture locally, free of operating licenses, trade secrets and similar barriers ta a fully-competitive open
market.

2 DRW.30 modes have received the necessary mandate for use the AM bands worldwide and DRM+ modes In FM Band |1 by way of ITU
recommandations, and these provide the international regulatory basis upon which transmisslons may teke place.

DRM intraduction and implementation Guida
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» Market Regulation which works toward the common-good, and avoids the disenfranchisement of some
listeners and/or broadcasters. For instance, this might include the requirement to co-site transmitters to
avoid local *holes' being punched in the service area of other racio stations, and a mandate that radio
receivers should incorporate all relevant standards used for radio within the territory.

4.5 Migration Strategies

Many creative solutions have been proposed which address the issue of how to initially launch a new digital
service when there are no recelvers in the market.

4.5.1 “‘Market Seeding’

The most radical example of this technique requires an up-frent investment 'n recslvers: the broadcaster places
an order for a large quantity of digital recelvers, which are then either given to consumers or sold with a
significant discount. One broadcaster proposed purchasing 500,000 receivers, and free-issuing to taxi-cabs,
retalls outlets and domsstic consumers. This strategy vields a low initial receiver cost, combined with the abllity
to guarantee potential advertisers a sizeable audience from day ane.

4.5.2 'Trojan Horse' migration

The “Trojan Horse' approach 1o digital migration has the potential to seed the market with digital radics ahead of
a formal digital radio service. This serves as a catalyst to the launch process and boots the positive ieedback
loop described earlier. The techniqus is simply to introeduce and market new 'analogue’ recelvers which include
some new or distinctive features which are sither intrinsic to the radio itself (e.g. recording-to-memory, radical
styling), and, or can be readily supported by existing broadcasts (some RDS or AMSS data service etc ).

These new radios also support DRM, but initially thia is not the key festure used for marketing; the DRM
function is ‘hidden’, and hence the term ‘Trojan Horse'. In this scenario, it is clearly vital to have a medium-term
strategy agreed and co-ordinated with the receiver manufacturers. Once sales have reached some target, digital
services can be launched to an audience that is ready-equipped with receivers.
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The DRM System

This section includes a brief description of some of the more important features and supported services of the
DRM system, followed by an overview of the main components found in the broadeast chain,

5.1 Principal Features

DRM3AQ uses the existing AM broadcast frequency bands and is designed to fit in with the existing AM broadcast
band plans, based on signals of 8 kHz or 10 kHz bandwidih. It also has modes requiring anly 4.5 kHz ¢r § kHz
bandwidth, and modes that can take advantage of wider bandwidths 18 kHz or 20 kHz.

DRM+ has a narrow bandwidth and is designed to fit In the FM broadcast band plan with a frequency grid of 100
kHz. Its smal} spectrum needs supports its use in crowded bands. DRM+ provides bit rates from 37 kbps to 186
kbps and, like DRM30, permits up to four services, It is therefore a flexible solution allowing singla or small
numbers of audio services to be broadoast together.

The above features allow DRM to cperate alongside existing analogue transmissions in every world market,

The DRM system uses COFDM {Coded Ornthogonal Freguency Division Multiplex). This means that sll the data,
produced from the digitally encoded audio and assaciated data signals, is shared out for transmission across 2
large numkter of closely spaced carriers, All of these carrlers are ¢contained within the allotted transmission
channel. Time |nterleaving is appliad in order to mitigate against fading. Various parameters of the OFDM and
coding can be varied to allow DRM to operate successfully in many different propagation environments - the
selection of the parameters allows transmissions to be planned that find the best combination of transmit power,
robustness and data capacity.

The DRM system uses MPEG xHE-AAC and AAC with SBR and PS providing high quallty at low data rates,

From a broadcaster's perspective, DRM offers a wealth of fealures and a powerful array of options. For instance,
DRM provides support for:

= Broadcasting in all frequency bands (LF/MF/HF and Bands |, I}, II} currently used for AM and FM analogue
radio;

» Migration from, and co-existence with, analogue broadcasting: complies with existing spectrum masks and
analogue frequency grids:

= Up to four services per frequency, each of which can ba any mixture of audio and data;
» Single-frequency and multi-frequency networks, plus associated signalling and automated receiver tuning;
= a state of the art audio coder;

+ text-messaging, advanced text information for weather, sports and news, SlideShow, SP| and a wide range
of similar value-added services.

DRM additionally offers assistance ta broadcasters and manufacturers by virtue of publishing an extensive range
of open standards?, which support the main system standard [1]

Above all else DAM s designed to improve the listener experience though a combination of improved usability,
improved audio quality and data-enhancements to the audio content.

3 See Annox 1
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5.2 The Broadcast chain

Figure 5.2 shows a very simple 'single-service, single transmitter’ broadeast chain and depicts the general flow
of different classes of information (audio, data, etc.) from their origination in a studic or contro! centra on the left
of the figure to a DRM recelver on the right.

DRM
Transmisslon -

signal
ovar4he alr

Figure 5.2; Simple DRM Broadcast chain

In the following sectlons we will examine the operation of the two main funciional blocks shown above: the
Content Server and the Modulator. In most {but not all) installations, these functional hlocks carrespond to
commercially available products. They communicate via a Muliiplex Distribution interface (MDI} over a
Distribution and Communications protocal (DCP), both of which have been standardised (2], [3].

5.2.1 DRM content encoding and Muitiplexing
These functions may be integrated into a produgt that is known as a Content Server {Figure 5.2.1).

DRM Content Server

Encoder

GPS
b DRM Multiplex
i e g Config ‘—Conﬂgumtiznl
Audio Audic S Interface Adminy :
Encoder S ministration
(W)
x
]
a
=]
‘ Erata Z
Data ew= Service E
]

DRM
Modulators

Figure 5.2.1: DRM Content encoding and Multipiexing
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Setting aside local control and command interfaces, there are two basic classes of input information:
i. The encoded audic and broadcast data services which form the Main Service Channel {(MSC};

ii. Infarmation which iravels via the Fast Access Channel [FAC) and Service Description Channel {SDC).
These channels communicate service Identification and parameter selection far a transmission and ensure
that the appropriate decoding parameters are selected within a receiver.

s The FAC contains a set of core parameters required to quickly check for available services within a
multiplex and to allow de-modulation of the DRM signal;

* The SDC carries advanced information like audic and data coding parameters, service labels, current time
and date, AFS tablies {Alternative Frequency Signalling), etc.

The audio encoder and the data encoders ensure the adaptation of the input streams Into an appropriate
digital format. The output of these encoders may optionally comprise a higher and a lower protected part, each
of which will be given one of two different protection levels within the subsequent channel encodet.

The multiplexer combines the protection levels of all data and audio services, in a defined format, within the
frame structure of the bit stream.

If the audio coding and multiplexing is performed remotely from the transmisslon site (as Is the norm), the signal
is distributed using the Multiplex Distribution Interface {MDI) protocol, described below.

5.2.2 DRM distribution

To enable both the audio and data services, (together with the associated transmission parameter data) to be
combined into one transmission feed, DRAM has specified a standardised and efficlent method for combining all
this data into a single multiplex; known as

+ the MD} (Multiplex Distribution Interface [2]), which In turn employs a standardised pratocol;
s the DCP {Distribution and Communications Protocol [3]).

Although the broadcaster Is strongly advised to locate the audio encoder andf/or DRM Content Server at the
studio centre, (for the reasons set out under 6.2.2 Optimising Sound Quality}, there remains the optlon of
distributing the audic to a DAM multiplexer at the transmitter site, in which case the existing programme
distribution systern would likely be used. There will be additional informatien required for the operation of the
multiplexer, which would not typica'ly be required for, say, an analogue AM service. This information relates to the
choice of audio coding, audio data rats, AFS list, transmission Mode (A, B, C, D & E), medulation {e.g. 4, 16, or
64QAM} and transmissicn bandwidth etc. This must be supplited to the multiplexer and encoder to ensure that
the cormrect parameters are used for a particular transmission. This will be particularly relevant to HF
transmisslons, but less so for *fixed' services on VHF fraequencies.

5.2,.3 DRM Goding and Modulation

 MDUDCPInput
™MD taterface
) ¥
PRM transmission signal

Figure 5.2.3: Conceptual Block diagram of DRM Maodulator
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+ The energy dispersal provides a 'randomising’ of the bits that reduces the possibility of unwanted regularity
in the transrnitted signal.

+ The channel encoder adds redundant bits to the data in a defined way, in order to provide a means for error
protection and correction, and defines the mapping of the digitally encoded information into QAM celis.
These are the basic carriers of the information supplied to the transmitter for modulation,

+ Cell interleaving rearranges the time saquence of the signal bits in a systamatic way as a means of
"scrambling” the signal, so that the final reconstruction cf the signal at a receiver will be less affected by
fast fading than would be the case If speech or music data were transmitted In i{s original continuous order.

= The pilot generator injects non-data carriers of prescribed amplitude and phase which permits a recelver to
derive channel-equalisation information, thereby allowing coherent dermodulation of the signal.

* The OFDM cell-mapper collects the different classes of cells and places tham on a time-frequency grid, in
effect distributing the information across the sub-carriers.

The output from the Modulation process can take one of several forms:
i. A complex waveform representing the broadcast signal, already modulated onto an IF or RF frequency;

ii. Analogue or digital representations of In-phase and Quadrature base-band signals {"|-Q"): the 1-Q signats
can then be used to modulate an IF or RF carrier;

iil. Analogue or digital representations of Phase and Amplitude signals, (which can be derived from a transform
of the |-Q signals) : this signal format is known as “A-RFP".

The A-RFP signal is of particular importance for DRM amplification using the traditional transmitter topography
employed by high-efficiency AM transmitters. This |s described in greater detail in Section 8.

5.2.4 Broadcast signai framing

Figure 5.2.4 shows the framing and temporal relationship between the three basic classes of transmitted data.
The scheme employed is governed principally by the requirements of receivers for tuning, re-tuning and content
operations

The data carried in the FAC is not time-interleaved, and Is confined to a specific group of carriers in the
frequency-domain. This enables the receiver to rapidly achieve synchrenisation and determine the medulation
parameters used for the MSC.

The SOC is broadcast across all carriers for a period of two symbols at the start of each super-frama. This data is
normally static and hence repetitious; this allows a fully-synchronised recelver to use this period for alternative
frequency switching (see section 5.3.5).

Modes A ta D

d
o

Transmission
Frame

400 ms

L s v e

{ Transmission Super-frame

-

1200 ms

Transmission ' i
Frame i Transmission :
N 100 ms § Super-frame i
H H »
400 ms

Figure 5.2.4: DRM Frame struciure - DRM30 and DAM+ modas
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5.2.4.1 Fast Access Channel structure

The FAG's structure is bullt around a 400 or 100ms frame (Figure 5.2.4). The FAC Is used to provide information
on the channel parameters required for the de-modulation of the multiplex as well as basic service selection
information for fast scanning.

The channel parameters {for example the spectrum occupancy and interleaving depth) allow a receiver to quickly
decode the muliiplex. It also contains information about the services in the multiplex which allow the receiver to
decide to either decode this multiplex or, if the desired service is not present, to change frequency and search
again.

Each transmission frame contains an FAG block. An FAC block contains parameters that describe the channel
and parameters to describe sither one or two services along with a CRC (Cyclic Redundancy Check).

For robustness modes A, B, G and D, the FAC block contains parameters that describe both the channel
together with one set of service parameters, along with a CRC.

For robustness mode E, the FAC block is similarly conflgured but includes two sets of service parameters. When
more services are carred in the multiplex than can be described within one FAC block, a number of FAC blocks
are required to describe ali the services,

Fuil details and a description of the FAC structure and contents can be found In Section 6.3 of the DRM
specification [1].

5.2.4.2 Service Description Channel structure

The SDC contains information on how to decode the MSC, how to find alternative sources of the same data, and
gives attributes to the services within the multiplex.

The SDC'’s frame-periodicity corresponds to the super-frame length {1200 or 400 ms), as defined by the DAM
mode. The data capacity of the SDC varies with the spectrum occupancy of the muitiplex and other parameters.
Making use of the AFS index can also increase the SDC capacity.

Alternative fraquency checking may be achieved, without loss of service, by keeping the data carried in the SDC
quasi-static. Therefore, the data in the SDC frames should be carsfully managed.

The S0C conveys key data and information, including:
» Multiplex descripticn
» Alternative frequency signalling
* Announcement support and switching
* Time and date information
* Audio information
» FAC channel parameters
* Language and country data
o Signalling of reconflgurations

A comprehensive description of the SDC's structure and many components can be found in Section 6.4 of the
DRM specification [1].

5.3 Configuring the DRM system

The following sections describe how the various component parts of the DRM system work together in order to
provide a system that can be optimised to meet the broadcaster's specific requirements for quality and number
of audio services, data services and service rcbustness.

5.3.1 Modulation & Coding parameters

This section provides an indication of how some of the DRM signal paramster aptions might be used for typical
applications. The following paragraph provides more detail on how these parameter aptlons might best fit the
broadcaster's particular coverage requirements.

i. Robustness Modes

In order to optimise the performance of the system, the transmission OFDM parameters (carrisr-spacing, guard
interval, pilot density etc.} need to be matched to the characteristics of the RF channel. The DRM system is
designed to operate in both ionised and non-ionised media, and over an extremely wide frequency-range

DRM introduction and impiementation Guide
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spanning some 3 decades. Propagation in the AM bands can range from ground-wave, where electrical noise is
the predoeminant interference mechanism, to sky-wave with varying degrees of channel complexity and where
both differential delay and Doppler effects are additional adverse factors. In some circumstances signals may
reach some locations [n the coverage area by means of both types of propagatian. In all of these cases the
received signal is likely to suffer from the addition of distortions or noise, which have been caused by the
imperfect transmission path.

Hence the system dsfines five pre-set “Modes”, labelled A to E respectively, which are outlined in Table 5.1

below.
Table 5.3.1: DRM Transmission modes
Mods | MSCQAM | Bandwidth = | Typical uses. - -

<3 options. | optionsd{kHz) & R R T
A 18, 64 4.5,5 9,10,18, 20 | LF & MF ground-wave, 26MHz band line-cf-sight
B 16, 64 4.5,5,9,10, 18, 20 | HF & MF transmission on sky-wave

DRM30Q

c 16, 64 10, 20 Difficult sky-wave channels on HF
D 16, 84 10, 20 NVIS sky-wave (thighest Doppler & delay spread)
E 4,16 100 VHF transmissions in the bands above 30 MHz DRM+

= Mode A is designed to deliver the highest bit rate possible within the context of ground-wave or line-of-site
coverage;

‘+ Mode B will generally be the first choice for sky-wave services;

+ Where propagation conditions are more severe, such as for long paths with multiple hops, or near vertical
Incidence, where several very strong reflections may occur, Mode G or Mode D may need to be employed;

* Finally, Mode E is used for the VHF frequency bands from 30 MHz to 300 MHz (DRM+).
ii. Modulation parameters

In addition to the basic transmission Modes, there is also a choice of moedulation {QAM constellation) and coding
{Viterbi) rates for the main service channsal. Normally, provided the broadcaster has selected the transmission
mode correctly, the service area achieved should be defined predominantly by the received signal-to-noise ratio.
This allows the use of simple analogue plarning tools (see Ssction 10).

In all DRM30 Modes the option exists to choose either 64QAM or 16QAM for the Main Service Channel, and this
choice will be {argely influenced by the signal-to-ncise + interlerence ratio {SNR) that can be achieved in the
target area. The more robust 16QAM option is normally chosen where the SNR is expected to be too low to
support 64QAM. For DAM+ (Mode E), it is possible to employ either 16QAM or 4QAM for the Main Service
Channel.

5.3.2 Service multiplexing and pay-load capacity

Within the constraints of the modulation parameters required to deliver the required quality of service within the
targeted coverage area, the broadcaster has some fiexibility in the way the available capacity of the MSC is
used. The broadcaster may wish to allocate some of the capacity to provide data services alongside the audio,
and to split the capacity to provide more than one audio service. Examples might be a high-quality service,
containing music and speech, together with a low bit-rate speech service, carrylng news headlines or a similar
voice-only information service such as traffic updates.

Tabls 5.3.2 ‘DRM system Bit Rate Table' sets out the rangs of bit rates that are avaiiable for ditferent levels of
signal robustness and channel bandwidth. The smallest bii-rate increment is 20bps in DRM30 modes, and 80bps
(CRM+).

o
oprm
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Table 5.3.2; The DRM system Bt Rates

Nomithal Signal Bandwidth (kHz)
Mode| MsC |Robusiness| 45 | 5 | o | 10 | 18 | 20 | 100
: Mndulation : w le\rel i . ....... i - s S — i
“weamy-l - Approx; avaiable bit rate:kb/s {equalefror protection, slandard:-mapping)
Min. 14.7 16.7 a0.8 a4.8 64.3 720
4
° Max. 9.4 10.6 19.7 221 409 45.8
A .
Min. 7.8 B.8 16.4 18.4 34.1 38.2
1
8 Max. 6.3 7-1 131 14.8 273 30.5
Min, 11.3 13.0 24.1 £7.4 498.9 56.1
64
Max. 7.2 B3 15.3 17.5 31.8 35.8
B
Min. 6.0 £9 12.8 14.6 26.5 29.8
1
8 Max. 4.8 88 10.2 116 21.2 238
Min, 21.6 45,5
64
G Max. 13.8 28.9
Min. 11.5 241
18
Max. 8.2 19.3
Min. 14.4 30.6
64 ' '
Max. 9.1 19.85
D :
Min. 7.6 16.2
18
Max. 6.1 13.0
Min. 186.3
16
Max. 99.4
E Min. 745
4 Max. 37.2

In DAM, a 'Service’ may be either audio or data:

« Audio services consist of one audio component, plus up to four associated data components {referred to as
“PAD" - programme asscciated data);

+ Data services consist of one data component.

A DRM transmission provides between one and four services. Listeners select a service by using the label
provided in the SDC and the receiver uses the configuration information in the SDG to select the correct data
streams from the MSG (Main Service Channel). The MSC can hold up to four MSC streams. An MSC stream
may contain one audio component (including optional DRM text messages), or one data component in
synchronous stream mode, or up to 4 data components in packet mode. The available MSC capacity (depending
on the chosen modulation parameters) can be flexibly assigned to the required number of MSC streams and
changes may be made using the dynamic reconfiguration process,

Audio or data components carried in MSC streams can be referenced and linked to from multiple DRM Services
simultaneously, but every component must be linked with at least ane DAM Service. This allows for example to
share a PAD component between multiple DRM audio services, thereby preventing the need to transmit identical
data multiple times, Figure £.3.2 shows e possible linking scenario from DRM services to MSC streams. More
options and possibilities demonstrating the flexibility are contained in the DRM system specification [1}, Annex M.
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DRM Services

+ Presented =
the liscener

* Up to 4 Services
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more Servics
Components
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SO Enuities

+ One per Service
Component

* Audio or Dum app.

MSC Strears
+ In MSE= {up to 4}
» Ezch audio {Incl,

TorMesrages)
or deta appl.

Figure 5.3.2: Relationship belween DAM Senvices and MSC 'Streams’

The system is flexible in other ways as well, In that the braadcaster has the facility to vary the cccupied
bandwidth of the signal to exploit the spectrum available in different frequency bands and In different regions of
the world. Alternatively, where planning conditions allow, double bandwicth signals {18 or 20 kHz bandwidth) can
be transmitted In the AM bands to provide an increased level of audio quality.

5.3.3 Single and Multi Frequency Networks

The DRM system is capable of supporting Single Frequency Network {SFN) operation. This is the case where
a riumber of transmitters transmilt, on the same frequency, identical DRM signals. Generally these transmitters
are arranged fo have overlapping coverage areas, within which a radio will receive signals from more than one
transmitter. Provided these signals arrive at the receiver within a time differenca of less than the guard interval,
they wlll provide positive signal reinforcement. Therefore the service coverage will be Improved at thal location,
compared to that obtained if there was only a single transmitter providing service at that location.

By careful design, and using a number of transmitters in 2 SFN, a region ar country may be completely covered
using a single frequency, rather than a number of different frequencies, thus dramatically improving spectrum
efficiancy.

Figure 5.3.3 illustrates how an existing UK national network, currently using five analogue MF frequencies, could
be migrated to a DRAM SFN, thus releasing four channels for other services.

NOW: AM natdonal network

FUTURE: Possible DRM use -
ILLUSTRATIVE

Natlonal Network 3 -
1215kHz

A range of loxal or
+ cammunky services
on 1197, 1242, 1233

i
|

& [2604H: - thero
= could be ured In
@ High power wansmizer ﬁi@ diferent places from
&  Flller sansmhter i the axlitng nadonz!

filer transm!tars

Figure 5.3.3: lllustrative example of potential spectrum saving — analogus MFN to a DRM SFN
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Where use of an SFN may be impractical for some reason, a Multi-Frequency Network (MFN) may be
employed. In this case the transmitted DRM signals are identical but the frequency used for each fransmitter is
different. The DRM signal provides a short peried during which no MSC data is transmitted. This is not audible to
the listener as the data is re-timed in the receiver to ensure continuous data arrives at the audio decoder.
However this period provides a short time interval, during which the recelver may tune to an alternative frequency
carrying the same programme, In order to determine its signal quality.

If the quality on the alternative frequency is better, the receiver can stay on that frequency, if not It can retum to
the original frequency. However this operation will anly work seamlessly if the signals on the alternative
frequencies are accurately synchronised at the receiver. MFN operation relies on the use of AFS signalling, as
described below in Section 5.3.5. Where a receiver is equipped with dual signal-decoding chains, it is possible to
compare two or more signals on a continuous hasis or even combine the signals to provide a significant
improvement in reception reliability through frequency and propagation-path diversity.

5.3.4 Simulcast

Simulcast Is an option of particular interest to broadcasters who have to continue to satisty existing analogue
listeners for several years to gome, but who wish to introduce DRM services as soon as passible. In many cases
these broadcasters are reshricted in the ways in which the digital service can be introduced. For example they
may have a single MF assignment and no prospect of receiving an additional frequency assignment to start a
digital only version of their service, They may also be keen to avold having to make a short-term investment in an
additional transmitter and/or antenna and site to start a digital service on a new frequency. These broadcasters
would like to be able to transmit both the existing analogue service and a new DRM service, with the same
content, whilst using the existing transmitter and antenna. This option is probably most applicable to
broadcasters with LF or MF assignments, where there is generaily less freedom to use new frequencies, although
there may be similar HF applications where NVIS is used for domestic radio coverage. Nevertheless, it is now the
case that Broadcasters in Europe are either closing or considering closing down LF and MF services and this
would offer an ideal opportunity for the introduction of new digital radio servicas.

Transmitting the same programmes in both analogue and digital formats but at different times of the day is one
option io provide the benefits of digital whilst maintaining services to listeners with only analogue receivers. The
times of day and duration of the ditferent offers are best determined by the broadcaster since he has a good
knowledge of his audience, and of course as more listeners convert to digital the proportions of digital and
analogue services can be changed.

Strictly the term simulcast can be taken to describe the simultaneous transmission of more than one signal
carrying the same programme content. In this context it may describe the simuftaneous transmission of analogue
and digital versions of the same programme from the same transmitter and therefore from a common location. In
some cases it could be more economical to add a new lower powered transmitter for the DRM service, feeding
the same antenna, rather than making extensive modifications to an older less suitable transmitter currently
carrying the analogue service.

Attractive simulcast modes require the use of either 18/20 kHz channels ot additional spectrum outside an
assigned 8 kHz or 10 kHz channel In a Multi-Channe! or Multi-frequency Simulcast (MCS) configuration. The
ORM signal can be located in the next adjacent upper or lower channel {see Figure 5.3.4.1). Significant testing,
both In the laboratory and in the field, has been carried out to determine the optimum level of DRM signal
needed to provide a good quality DRM service, whilst avoiding significant impact on the analogue servie.

DRM Introduction and implementation Guide
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5.3.4.1 DAM30 Nodes

Figure 5.3.4.1: Adjacent-channel Simulcast Overview

The conclusion is that a satisfactory compromise can be obtained when the level is around 14-16 dB below the
adjacent analogue carriar level,

5.3.4.2 DAM+ Mode E
FM and DRM+ simulcast working is describad in Section 8.3.2

5.3.5 AHRernative Frequency Signalling (Checking and Switching)

Alternative Freguency Switching forms an integral part of the mechanism allowing the use of MFN's. The AF
(alternative frequency) list is transmitted in the SDC part of the DRM multiplex and provides the receiver with a
list of frequencies carrying the same pregramme or associated programmes. The AF list can also provide
information on non-DRM services, such as analogue AM, FM and DAB multiplexes that carry the same or
assoclated programme. Depending on the coverage of the receiver, it may therefore be able to switch
hackwards and forwards betweean these other types of transmissions and the DRM service(s).

There are two distinet modes of Alternative Freguency switching, as follows:

= Seamlesas AFS, whereby the recelver re-tunes with virtually no break in the audio. This is lllustrated in
Figure 5.3.5. Note that this mode requires network synchronisation simllar 10 a single-frequency network,
and seamless switching is only supported between DRM transmissions;

+ Generic AFS, which allows the receiver to ba directed to another transmission carrying the same service,
and which is not constrained to bs either a DRM broadcast nor time-synchronised.

$DC | Tuned freqency

Re-tune
Re-tune to CF
to AF

twne to AF

Alternative Frequency

SDC block 88

Teheck Twﬂe

Figure 5.3.5: Seamless Ajternative Frequency Switching
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An example of ‘generic’ AFS might be a metropolitan FM service, carrying RDS, which points to a DRM
frequency. Outside the metropolitan area the coverage might be extended by using one or more DAM
transmitters so that a car receiver could switch from the FM service to the DRM sevice. The reverse process
would apply on returning to the metropolitan area, Another similar apglication might be an intarnational HE
service transmitted from outside a country, but where a local relay was provided in the capital city of that country,
using a Band Il FM frequency,

in the case of the DRM AFS function, it is possible not only to transmit informatfon about current frequencies
carrying the same programme but also other frequencies, which will carry the same service at other times of day
or in other reglons of the world. This can be particularly useful for HF services, where different frequencies are
required to provide service to a region at different times of day, due to diurnal propagation variations, or to
different regions, because of differing propagation paths. In these cases the receiver can be egquipped with data
storags to ensure that the listener can select a programme service by name and allow the receiver to select the
optimum frequency for that region and time of day.

Annex G of the DRM system specification [1] conteins some detailed information and guidance on AFS handling
in receivers.

5.3.6 Programme acquisition

Where DRM services are to be broadcast at bit-rates below 30kb/s, it is important to ensure that the processes
of content acquisition, editing, and storage and play-out retain the maximum audio fidelity prior to audio DRM
coding, and avoid as far as possible multiple encode-decode concatenation. For further information see section
6.2,

5.4 The AM Signalling System (AMSS)

DPAM has developed a system for digital signalling over AM transmissions. This system has been designed so
that AMSS-equipped analogue transmissions can be {dentified, selected and tuned on hybrid analogue/DRM {or
even analogue-only) radios, just as if they were digital services - see Figure 5.4, This greatly simplifies radio
tuning and service selection for the listener and provides an extremely powerful and cost-effactive facility during
the migration of an audience from analogue to digital. in addition, the system supports alternative frequency
signalling, such that a station eguipped with AMSS can hand the listener's recelver automaticaily to a digital, AM
or FM simulcast transmission, as appropriate.

The sysiem was engineered to be extremely
robust whilst preserving excellent compatibility
with existing AM recejvers, The gross Lit-rate is
circ. 47b/s, and the system has been
successfully launched and tested on both MF
and HF transmissions.

AMBSES is published as ETSI standard TS 102 386
{4] and has been Implementad in at least

one first-generation DBRM radio module. A
description of the system, its features and
implementation has been published by the

EBU [5].

Figure 5.4: Screen-shot of DAM receiver in
AM mode displaying AM service name
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DREM Content

This section describes the various elements of the broadcast signal. It may breadly be described as ‘content”,
This includes the following main elements:

1. mandatory meta-data which is an essential component of the DRM system. Examples include much of the
data carriad in the Fast Access and Service Description channels (FAG/SDC);

2. non-mandatory information which a broadcaster may chose to include and which is automatically
supponrted by recelvers {e.g. text messages});

3. the audio content {radio services): hoth encoding and audio quality considerations;
4, any value-added and/or data services which broadcasters may chose to implement.

It should be noted that whilst '1°, '2' and ‘3* above will automatically be supported by any receiver which meets
the relevant DRM specifications {Annex 3 and [6)]), broadcasters should work closely with the receiver Industry to
ensure that support for any additional features ('4.” above) is properly integrated into consumer radios. See
Sectlan 7 -~ DRM Recelvers for more information.

6.1 Broadcast meta-data
In this section, data that is mandatory is indicated by appending '{MY to the sub-heading.

6.1.1 Service 1D {M)

The DRM Service ID is a worldwide unique identifier assigned to every DRM programme. It enables the AFS
mechanlsm {Alternative Frequency Signalling) and allows a receiver to find and identify the sslected programme
even if its frequency has changed. It ls not used by the iistener fer service or programme selection, nor is it
shown on consumer receiver displays.

It is the broadcaster's responsibility to assign a unique ID to each of ite DRM services. The DRM Service ID
values are typically assigned by national autherities. More Information on the format of tha Service ID can be
found on the DRM web site

6.1.2 Service Lahelling (M}

Tha listener Is informed about the tuned
——— . service by the name of the programme {DRM
22 Hdbaps UBP (220 7 AC Mo | service label}, The DRM service [abel is the
e .- ‘ primary programme identification and
DRM I abel selection mechanism for the listener, while
" information about the current broadcast
5 g frequency or even the broadcast standard
4 rmay not be disclosed at all by modern Digitai
amaw  Top M Radio receivers.
The DRM service label can be any free text,
| . i up to 16 characters long. All worldwide
Figure 6.1,2: DAM Service Label scripts are supported for broadcest (up to 64
bytes of UTF-8 encoded text), but the

wrest iy !

characters displayed by receivers will depend on those implemented by the manufacturer. if a station is known to
its listeners currently by its AM ar FM main frequency, this Information could be sent as part of the DRM service
label.
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6.1.3 Programme Type

The selection of a service can be made by
o the genre of the programme, for exampie
Pty 4 bbpe UEP (220 %) ARG M : news, rock music or drama. The figure above
+ . -
e e shows Pop Music and below

DRM Libel Finance/Business information, which could
be information from the currency markets or
Cerrmin stock exchange, DRM supports the optional
signalling of 29 common programme types
Finance/Business I 3F4 for audio services.

Figure 6.1.3: Programme Type {'Finance/Business’}

6.1.4 Service Language

The listener may be able select the language
of the programmes he wants to receive on

T 2 g WP 20 % AAT M ' the radio. In regions with many languages,
' o this might be helpful to avoid tuning into
DRM Late | services that cannot be understood. DRM
supperts the optional signalling of al!
N 5 Cerman languages worldwide by using their

respective 1SO language codes.

FinanceiBusiness 0368

Figure 6.1.4: Example Service Language

6.1.5 Country of origin

The broadcast can optlonally signal the country of origin for a particular DRM service. This information refers to
the site of the studio, not a transmitter site. Thereby a recelver can enable the listener to scan for programmes
originating from a particular country, for example to easily identify the national news programme whilst on
vacation. All countries warldwlde can be signalled by using thelr respective ISO country codes,

6.2 Audio content

6.2,1 Audio Coding

The DBM system has adopted the latest audio coding technology from MPEG, xHE-AAC {Extended High
Efficiency Advanced Audio Coding). xHE AAC can operate from only 6 kbps, and handles both speech and
general-purpase audic content equally well. In addition, DRM still provides AAC audio coding to continue
support for on-air services. Existing DRM broadcasts using AAC can migrate to xHE-AAC by upgrading the
audio coding library of content servers.

SHE AL F et
1Sterei & SER andied inlm waliyidutoniatic ity
o . MPEQ Bumound . . /N

Bl g Encader
AT T geonf. depend) , _ _
.. PSEncoder ok L

. ; s od

T 7 conf.depand)y - Lant e 1 Foae ptenr

Figure 6.2.1: DAM audio coding
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Both encoders can operate over a range of bt retes, and consequently support a range of programme cantent.

In the 18/20 kHz DRM30 modes and DRM+ mode, the available data rate allows the possible use of MPEG 4
stereo-compatible 5.1 surround sound broedcasts.

6.2.2 Optimising sound quality

Digital audio coding has been in use within broadcast organisations for a number of years. Most broadcasters
have experiences of mulfiple tandem coding and the problems that this incurs In reducing the overall quality of
the audio, after it has been through this process. In most cases the digital audic compression systems work by
endeavouring to remove information inaudible to the human hearing mechanism. This 'lost’ information is
masked from audibility by higher-level sounds that are normally adjacent or close in frequency. However, this is
an inherently lossy process. Each time the avdio is encoded and decoded there is a danger that audio artefacts,
introduced by a previous codec in a chain, ars seen as ‘wanted’ components for a later codec In the chain. This
can lead to the artefacts being coded in prefarance to or as weli as the “real’ audio Information. This
progressively leads to worsening quality as the audio proceeds through the broadcast chain.

The ideal solutien to this ‘cancatenation’ problem is to avoid cascaded coding altogether, Where this is not
feasible, it is good practice to maintain the highest-possible bit-rates in the content acquisition and editing
processes, and to then code for distribution and transmission once only, at the correct bit-rate for broadcasting.

In many instances, broadsasters use audio coding for programme acquisition (via 1SDN, Internet etc.), followed
by audio coding In their digital editing systsms and finally they recode again to save data bandwidth for
distribution to one or more transmitters. It is quite possible that each of these coding processes will use different
data rates and, often, different audio coding algorithms. Presently this signal would generally then be transmitted
to listeners in aralogue form via AM or FM iransmitters. However, when a DRM transmission is Introduced at the
end of this chain there will be an additional audio coding process.

As a direct response to the concatenation issues described above, the MD! specification is designad to
encourage broadcasters to encode DRM transmissions at the earliest point in this chain, where the quality will be
highest; for example at the studio centre, rather than at the transmitter site. This ensures that there are no further
coding processes before the audic arrives at the receiver. The MDI specification provides additional advantages
in terms of efficiently packaging tcgether with the audic, all the data that is needed for a DRM transmission.

The advantage of this is that the DRM audio can be encoded using the highest quality source avallable, avoiding
any intermediate coding such as, for example, a studio to transmitter link using MPEGZ2 Layer Il compression.
For the case of a 9 or 10 kHz bandwidth DRM transmission (i.e. MSC data rate ~30kb/s or less) all of the MSC,
SDG and FAG, together with the transmission control parameters, ¢an be contained within less than 54kb/s of
data capacity. The transmission contro! data aliows the DRM exciter parameters at ihe transmiiter to be remotely
controlled, so that the transmission Mode, modulation etc. can be set at the studio centre, without intervention at
the transmitter site.

6.3 Value-added services

6.3.1 Overview

The DRM system provides for a number of data applications. These can range from a simple low bit-rate text
service, alongside the audio, to the use of the entire MSC capacity for multimedia-type data services. In general
the simple text applications can be used to transmit programme-associated data services, such as news, spors
or weather information services, alongside the main audio service.

Tha more complex multimedia types of service can include both text and plctures, although for DRM30 Modes
the relatively low bit-rate will constrain the guantity of data and the refresh-rate. In practice, for these Modes it is
most likely that such a service would employ around 2 to 4kb/s of the MSGC capacity, as the majority of the M3C
capacity Is likely to continue to be used for audio services for some time to come.

Providing date and multimedia services in additlon to plain audio presentation gives Digital Radio the chance to
evolve and to establish a stronger link between listeners and broedcasters,

User-targeted multimedia services will typically be pressnted on a receiver display. While most of the services
require & simple text-only screen, some depend on a grephical display. Therefore manufacturers should be
encouraged to provide the largest screen possible in order to suppor these advanced offerings.

Scme of the data services focus especially on car radios and provide road traffic updates for integrated

@
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navigation systems. Praviding this kind of service is most useful for local, regional or national broadcasters.
TPEG [(described below) are important {ravel services.

tn addition to the multimedia services presented in this chapter, other features can also show the advantage of
Digital Radio to the listener. For example the option to enable a recelver to pause and rewind a program Is of high
interest for consumers. With the single touch of a button the reception of the favourite station can be paused.
Later on, the user can continue ilstening from the point at whigh he or she left the programme. Depending on the
internal memory capacity and the data rate of the service, several hours of content can be recorded. When using
an additional flash card memory the recorded programme can also be replayed on other radios supporting this
feature.

8.3.2 DRM Text Messages

DRM includes the faclility for broadcasters to send a sequence of short text messages* each message composed
of up to 128 characters in length. DRM Text Messages are always part of an audio programme; their content is
therefore typicaily related to this audio service
{current song tltle and artist, show name, station
news, etc,). The update timing on the receiver's
display is controtied by the broadcaster; therefore
aminimum delay of 10 to 20 seconds hetween
successive messages should be respected, to
reduce the distraction of listeners, particularly in
in-car scenarios. Where the receiver is unable to
display the entire message on-screen, it is
common to scroll the text smoothly from right to
left — see Flgure 6.3.2.

Figure 6.3.2: Scrolling text (botlom of screen) describing the .

programme currently DN-8ir DRM Text MESSEQGS Supporf all worldwide
scripts through UTF-8 encoding, using 1 to 4
bytes to encode one character {out of 128 bytes
available per message). Therefore a single message may have more than a hundred characters in a Latin-based
fanguage, but only about 40 characters in Chinese script.

6.3.3 Journaline text information service

Journaline Is a text-focussed information service [see
Annex 1]. It can be signalled as belenging to an audio
programme {PAD - Programme Associated Data), or as
a stand-alone service.

The user is provided with a selection of information
topics and sub-topics, from which he can interactively
select those pieces he is currently interested in.

Figure 6.,3.3a; Journajine - textual informatlon pages
accompanylng the radlo programme

The broadcaster defines the service structure and information elements presented to the user. Information is
provided in the form of plain-text pages, list/table pages, or ticker messages. Plain-text pages consist of a title
followed by the detailed body text; they typically carry news items, programme background information, station
contact information, etc. List/table pages are typically used for sports scores, financial tables and stock market
updates, or airport arrival/departure times. Ticker messages (like news headlines, financial tickers, radio
captioning subtitles, etc.} carry a single message at time, which should fully he presented on screen and these
will automatically be updated.

4 see Clause 6.5 of ETS! TS 201 980(1]
DRM introduction and implementation Guide
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Figure 6.3.3b; Navigating through the topics of a Journaline service

In total, a Journaline service can be compesed of more than 65000 individual pages, each catrying up to 4
kBytes of textual content. All textual information is UTF-8 encoded, thereby allowing any worldwide script to be
used. Information in multiple languages can be provided in paralle! as part of a single Journaline service, for
example to cover mixed-lingual audiences whose languags(s) are not currently carried by the main audio
programme.

'Hot Button' functionality allows the broadcaster to optionally trigger back-channel interactivity from the user, if
supported by a particular receiver; those links can point to online web URLs aor phane numbers, send SMS
messages or e-mails, jump to olher Journaline pages, etc. Broadcasters alsc have the option to enhance
Journaline pages with geo-references. This allows a receiver to present the user with a selection of locally -
relevant information, or to forward the location of .g. a resiaurant being advertised to the navigation system.

Figure 6.3.3c: Re-using existing data sources to compose a self-updaling
Journaline service
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On the broadcaster side, existing data source like RSS feeds, XML interfaces, or UECP real-time messages can
be re-used, to compose a useful service for the listener without the need to manually update its content after its
initial setup. Over the air, Journaline can work with very limited bit-rates; it has successfully been broadcast with
a transmission capacity as little as 200 bps. Therefore a Journaline service can be added even to shortwave
broadcasts without affecting the audio guality. On the receiver side, Journaline requires very limited decoding,
cache memory, and user interface capability, and can therefore be implemented on all receiver types with at least
a textual screen.

LI ] LISV Bhcet ]

TdoT-Prograimm

Figure 6.3.3d: Journaline service rendered by UniWave® Di-Wave 100 receiver

6.3.4 Service and Programme Information {(SPI)

The Service and Programme Information (SPI)® is a digltal guide to scheduled radio programmes. The content is
typically displayed on-screen with functions allowing a usar to navigate, select, and discover content by time,
title, channel, genre, etc., by use of their remote control, a keyboard, or other Input devices on the recelver. Both
the SPI structure and transport protocol have been standardised by ETSI| [see Annex 1),

The SPI could also allow the easy selection of broadcast content to be scheduled for future recording by the
DRM radio or g digital recorder.

The SPI can camy the full programme schedule for the next days, providing detailed Information on shows and
even sub-show elements {like individual news report items), station and pregrarmme logos, and much more. In
addition, a simplified and reduced now-and-next information set can be provided, which can easlly be decoded
even Dn receivers with limited memory capacity, and presented on text-only screens.

In DRM, one SPI instance will typically ¢arry the combined information for all programmes (DRM audio services)
contained on the same frequency, and optionally for all other programmes provided by the same broadcast
netwark. Therefore at least in the case that more than one audio programme is carried in a DRM broadeast, the
SPI will be signalled as an independent DAM service Instead of a PAD service (Programme Associated Data).

Figure 6.3.4: SPI examples and typical hit-rate allocation

5 or slsctronic programme guida (EPG) or interactlve programme guide {|PG) or alectronic service guide (ESG)

DRM Introduction and Implementation Guide
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6.3.5 SlideShow

A SlideShow Is a sequence of images [ETSI standard, see Annex 1], The DRM terminal displays them in response
1o a frigger set by the broadeaster, which typically means immediately after their successful reception. The
centent of a SlideShow should be composed such that the user is presented with useful information whepever
he or she glances at the screen,; it will typically be programme related {current album cover, show or programme
logo, presenter portrait, view into the studio, maps and celebrity portraits during the news, etc.}, but may also
carry programme independent elements {like graphical weather forecast or advertisaments}.

The broadcaster decides when a new slide replaces an older one on the receiver's display. So it is also up to the
broadcaster to ensure that siides change at an acceptable rate. As with DRM Text Messages, the broadcaster
should allow at least a presentation time of 10 to 20 seconds for each slide, for example to reduce the driver
distraction In case of In-car radlo consumption. Typically the bitrate required to transmit images should not be
below 4 kbps; therefore DRM30 double channel or DRM+ broadcasts offer the best opportunity to add the
SlideShow service to a radio programme.

The image files carried in a SlideShow service are either in PNG or JPG format. While PNG is particularly suitable
for logos and graphics, JPG is the primary cholce for photos. A recelver supporting the SlideShow applicaticn
should be able to decode and present Images with a minimum reselution of 320 x 24C pixels. Besides static
images, the SlideShow spacification also supports simpie animation sequences based on the PNG format
{APNG - Animated PNG}; those image files are encoded in a backward compatible way, so that every legacy
PNG-decoder will present at least the first slide of the animation sequence.
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Figure 6.3.5: Example SlideShow

6.3.6 TPEG

TPEG s a framework for carrying streamed information in a hierarchical way to end-user devices. It is primarily
used for broadcesting real-time traffic Infermation. Data messages are received silently and deceded by & TPEG-
equipped car radio or navigation system. These messages can be delivered to the driver in a variety of ways; the
most commen of these Is a TREG-enabled navigation system that can offer dynamic route guidance —alerting
the driver to a problem on the planned route and salculating an alternative route o avoid the incident.

Benefits for users are:
+ Updated traffic information, delivered in real time
+ |nstant knowledge of accidents, road-works and traffic jams
« Filtered information only for the immediate route
» Information in user's own language
» High-quallty digital transmission
+ Global compatibllity of receivers

» Free or low-cost services right across neighbouring countries
+ Instant information en route

TPEG traffic information offers several advantages. First, it is
received via a “silent" data channel, which means that users can
listen to music or news broadcasts simultaneously with - and
without interference from — TPEG data transmissions. Second,
messages arrive and are displayed immediately, so you don't need

Figure 6.3.6: TPEG window example

o
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to wait for the scheduled traffic news bulletin, or to listen to a specific programme. Alsc, TPEG services are
continuously updated and their information is constantly available to the driver, unlike occasional roadside
information services such as varlable message signs.

Thanks to TPEG receiver technology, users can receive traffic information in thelr own language, The TPEG unit,
typically an in-car navigation system, decodes the receivad traffic information and presents it 1o the user,
Whichever country the user is driving in, he or she can understand the local traffic situation immediately.

6.4 DRM Emergency Waming Feature (EWF)

6.4.1 Overview

DREM supports and provides a fully integrated disaster and early warning service callecg
Emergency Warning Feature (EWF).

The DRM technology provides an ideal platform for delivering emergency warning services, DRM EWF support Is
mandatory as described in the DRM minimum receiver requirements and second level receiver profile, with no
need for special chipsels or extra adaptation for EWF. Everything needed for EWF is already in the receivers built
according to the above speclficaticns issued by the DRM Consortium.

The DRM technology should therefore be the major building block of a national emergency warring policy,
providing full and continuous services as a last resort, potentially even from a remotely located transmitter site.

6.4.2 Task

The task of any early warning system is to inform the gereral public {and relevant authorities} about the
impending disaster, with maximum reach and as guickly as possibe, giving all relevant information to a
maximum audience {Including foreign-tanguage visitors and people with impairments).

6.4.3 How DRM EWF Works

The DRM system employs Alternative Frequency Signalling (AFS), which points the recelver to the emergency
broadcast (even if the receiver is tuned to a different service or on a different frequency). It alsc employs
emergency announcement signalling, where the receiver has general support for the emergency announcement
feature and the current activation status of the tuned programme {can be sent in DRM signalling channe! along
with any audlo or data transmission),

Receivers may check regularly for announcement activity even if turned off, as announcement information is
carried in the signalling channel {no need to decode full DRM signal for checking; for battery-operated receivers
proper engineering solutions are needed to make this feature avaflable). If emergency announcement is active,
DRM receivers switch automatically to the emergency broadcast. Emergency content is provided automatically in
the form of audio and text informatlon (see below for details).

Listeners receive emergency broadcasts comprising:
* Audio programme (provided in cne language at a time);
» DRM text messages (short text lines appearing on screen, updated automatically avery few seconds);
* Journaline advanced text service (providing detalled instructions in multiple languages simultaneousty).

When the alarm signal is triggered by the authorities,
all running DRM recelvers pick up the alarm signal

Exramples fof rectivar schadn pmidesings, emgency bod content (Jarmating):

AIR Emargency Broadoast Information in Xngiish

from the currently tuned DRM service and switch to
the emergency broadcast. All DRM receivers present
the audio content of the smergency broadcast. DRM
receivers with a text screen, in addition present text
headlines (DRM text messages) plus detalled,
multilingual information and instructions {(Journaline)
for instant and Interactive look-up by the user.
Receivers which are turned off may switch on
automatically. This is a requirement to be defired by
regulators for DRM receivers sold domesticaliy.

DRM introduction and impiementation Guide
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6.4.4 DRAM EWF Implementation
A DRM broadcast chain consists of:

Studio (content) » DRM Gontent Server(s) » DRM Modulator(s)/Transmitter!s)

If authorities trigger the emergency signal, it must automatically be provided to the studios, which in turn activate
it at the DRM Gontent Server(s) (or grant authorities direct access to an appropriate interface). The emergency

warning signal must be activated for all DRM on-air services (even if they do not carry the emergency
programme themselves, but simply point receivers to it, for example a public broadcast).

DRM Broadcast Networks
) ! When emergency alarm Is triggerad:

» Contral autharity « ContantSarvers

triggers alarm Insert Alarm slgnal
for AL + Optonal Dynamic Service-Raconfiguration
DRM programs (rraking room for 1 emergency program)

Figure 6.4.4: EWF implementation
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The DAM consortium supports the vision of a vibrant international digltal radic market. The DRM system was
developed with the goal of promoting the development of low-cost, mass-market receivers, which is a precondition
for the long-term market success. Over the next few years DRM should become integrated into multi-standard
receivers alongside other digital and analogue broadcasi systems. The benefit for consumers is the ability to
receive all radio services on one device. To support this process, many DRM receiver functions were chosen to be
compatible to other digital systems, which decreases receiver costs. In addition, several data services are
compatible with DAB+, RDS and AMSS to further reduce receiver development effort and improve usability.

7.1 DRM Receiver Specifications
' DRM has Issued two important documents which can be downloaded from the DRM web-site:
v Digital Radio Receiver Profiles (included in this document in Annex 3}, and;
s Minimum Receiver Requirements for DRM [B].

Both of these documents pravide guidance to broadcasters, manufacturers and consumers in the evolving
market,

« Broadcasters receive the performance information required to plan their netwaorks and gain confidence that
their transmissions will be receivable.

* Manufacturers obtain guidelines about the necessary performance and features so that their technology
invastments will be supported by services.

» The consumer gains fram knowing that the product they have chosen contains the necessary features to
provide them with a consistent quality of experience and assured levels of interoperability across their
regicn and beyond.

The Digltal Radio Profiles are composed of mandatory features that must be implemented, together with
recommended features that offer enhancements with wide appeal. A standard radio receiver and a "rich media” radie
receiver are defined. Manufacturers may offer additional features in order to differentiate their product from others.

The Minimum Receiver Requirements for DRM document describes receiver character!stics in more detail. It
contains basic implementation and functional perfarmance requirements. The most important features for the
audio decoder, the channel decoder etc. are described as mandatory to allow reception of worldwide
transmisslons. {n addition, minimum performance levels with the related measurement methods are described.
Technical performance parameters including sensitivity, selectivity and linearity ars included,

7.2 Receiver development
A typlcal radio receiver comprises several basic blocks:
i. Antenna
i, RF Front End
iii. Demodulator / De-multiplexer
Iv. Audio / Data Service Decoder
v. Amplifier / Loudspeaker
vi. Micro-processor controller / Display Driver

The antenna, amplifier and loudspeaker are common to analogue and digital reception, and can clearly be used
for both, Soms companies have specialised in designing integrated modules which comkine all the highlighted
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elements i, iii, iv and vi above into one ‘component’, which allows manufacturers to integrate digital radio into
existing or new producis very rapidly. ‘Modulfar' solutions capable of supporting both analogue and digital
receptian are also available. These can employ either Digital Signal Processors (DSP's) or on dedicated
Integrated Circuiits {ICs). The decision is a trade off between flexibility, power consumption and costs.

Several DRM implementations running on DSP's are available on the market: see the DRM web site for updates.

The DRM standard shares some commonality with the DAB digital radio system, especially in the areas of audio
coding and ancillary data, which simplifies the design of multi-standard recelvers.

Nowadays several stand-alone receivers are available on the market, The product range includes devices with
colour screens supporting new radio features avallable with tha DRM system, through to home entertainment
systems with DRM included. The car radio manufacturars have also developed devices and modules for DRM.
The market is constantly evolyving and readers should refer io the DRM website for up-to-date information.

7.3 Software radios

DRM receivers, developed using an analogue receiver plus demodulation software running on a PC platform,
were designed to satisfy the test and measurement requirements of DRM system developers. Modern consumer
PCs have more than sufficient processing power to provide all of the functions of a DRM receiver. DRM originally
developed a simplified version of a professional DAM receiver using this technique, This would aliow enthusiasts
to make the necessary modifications to their own analogue recelver and interconnect It with an existing home
PC. This was followed by an open-source initiative, entitled Dreant [7]. Fig 7.3 shows a screen shot of a “Dream”
receiver in operation {left) and the "Fraunhofer DRM MultimediaPlayer” {right). This latter receiver implements all
the DRM functionalities and runs on all operating systems, including mobile platforms.
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Figure 7.3: DRM Software Receivers

7.4 Man-machine interface (MMI)

User-friendliness |n operation is an importent item for market success. DRM offers the tools to achieve this
goal.

Service selectlon by station name instead of frequency from a list built up automatically by the receiver has
proved to be a popular way to “tune” a digital radio. Manufacturers are free 1o choose how to compile the station
list according to market need, for example by evaluating AFS and EPG information, offering fraquency scanning,
or evaluating service llsts provided by other broadcast systems, ste.

So ideally the user of a Digital Radlo set should not be asked for, nor presented with a station selection by
broadcast standard and/or frequency (at least not as the primary option). As soon as the user has chosen a
service by its service label from a system-spanning !lst of currently available services, it should be the receiver’s
task to identify the best suitable reception method for the indicated service, and to automatically follow the
service in case of ternporary frequency changes or when crossing coverage area boundaries,

6 Dream is a scflware implemenlaticn of a Digital Radio Mandiala {DRM) racelver. With Cream, DRM broadcasts can be received with a
medified analogue receiver (LF, MF, HF) and a2 PC with & sound card. .
®
e DIM
®,°

30/2019 110601 AM



8.1 Regulation
At the internationa! level spectrum for Broadcasting is regulated by the International Telecommunications Unlon

{ITU). Any changa in the use of this spectrum, such as is caused by the introduction of a new digital broadcasting
system into the broadcasting bands, requires approval from Member Administrations.

The International Telecommunication Union's Radlo communication Sector {ITU-R} has given this approval for
the broadcast of DAM signals on a regular basis in all the broadcasting bands below 30 MHz in its
Recommendation ITU-R Rec, BS.1514 [8], 'System for digital sound broadcasting in the broadcasting bands
below 30 MHZz'.

ITU-R Rec. BS.1615 [9] provides the planning parameters for the deployment of DRM30 throughout the world
by utilising the existing planning agreements for analogue AM services, for example the Geneva 1975
Assignment Plan for the |F and MF bands for Regions 1 and 3 {Europe, Alfrica, Asia) and the Rio de Janeire 1988
plan for Region 2 {Amerlcas). Figure 8.1 shows the world distribution of the three ITU Regions - the shaded part
is referred to as the Tropical Zone.
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Figure 8.1: The ITU Regions

For the HF bands above 5900 kHz, all DRM broadcasts are co-ordinated in accordance with Article 12 of the
iTU—R Radio Regulations [10] - the 6 month scheduling procedure — in the same way as for analogue
broadcasts. In the "tropical HF bands® ~ those below 5900 kHz intended for national coverage in low latitude
countries — the coordinatlon procedure is one of bi-lateral arrangements, rather than a global procedure.
Countries in the "tropical zone" that wish to use DRM should be able to do so using 'near vertical incidence’
propagation just as they do now, with proper account taken of the average power factor
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For the broadcasting bands abcve 30 MHz the ITU has published three recommendations on DRM+, known In
the documents as Digital System G:

ITU-R Rec. BS.1114 [11] 'Systems for terrestrial digltal sound broadcasting to vehicular, portatle and fixed
receivers in the frequency rangs 30-3 000 MHZ',

ITU-R Rec. BS.1660 [12] ‘Technical basis for planning of terrestrial digital sound broadcasting in the
VHF band',

ITU-R Rec. BS.1834 [13] 'Digital radic broadcast service, captioned radio’.

Furthermore, there are a number of regional ITU Agreements together with CEPT Special Arrangements that
cover the broadcasting bands as summarised In the Table 8.1 below.

Table 8.1: ITU Regulation Applicable to Terrestrial Radio Services’

Frequency Bands LF/MF/HF bands Band | Band Il Band I
(148.5 - 283.5kH2)/ . (47 . 65 MMz} {87 -108 MHz) (174 - 230 MHz)
(526.5 - 1606.5 kHz)/ -
{3 - 30 MHz)
Covered by: GE75[14]: (LF/MF | RRC-06-Rev.STE1 = GEB4*[18]: Region | GEODG [19]: Parts of
only) ITU Reglon 1 & [17): Partsof | 1, Afghanistan and Regions 1 &3
3 Regions 1843 fran WI95ravC0O07 [20]:
RJB1 & RJB8 [MF : Europe
only): ITU Reglon 2
(15, 16]

ITU-R RR §12 for HF
[10]: Werldwide

* Under the Geneva 1984 (GEB4) Plan FM frequency allocatlons in Band Il may be used for digital broadcasting
services providing:
= the transmisslon characteristics remain within the envelope of an existing GE84 Plan [18] entry or aggregate
entries under the provisions of GE84;

+ the affected administrations agree that any such use will be afforded protection to the levels dsfined by the
interfering field strengths as arising from their fraquency allocations, taking into account any refevant
bllateral agreements.

This means any such altsrnative usage of Band Il freguencies rmust not produce more interference nor claim
more protection than the comresponding frequency allocation of GE84. This approach could also be applicable to
other parts of the world,

Detalls of planning assumptions and references to protection ratios for DRM are set out In Section 10 Service
Pianning.

The regulatory and technical aspects for the introduction of digital radio services in Europe are set out in a serles
of CEPT-ECC reports®. Although these focus on the European situation much of the information may be found
relevant to other parts of the world, The reports cover:

ECC Report 117: Managing the transition to Digital Sound Broadcasting in the fraquency
bands below 80 MHz [21] - This report looks at the use of the LF, MF, 26 MHz (HF) bands and VHF Band
| for digital broadcasting to national, local and community audiences. DRM is anticipated to be used
alongsida AM initially and then supersede it over time. All the necessary regulatory provisions, in particuiar
the Rules of Procedure associated with the GE75 Agreement, are already in place to allow the deployment
of DRM within the existing GE75 Plan and to allow a progressive analogue to digital transition for sound

7 Details of the ITU Aeglonal plens can be found at htip://www.itu.int/ITU-R/Aerrestrial/broadcast/plans/index.html
& ECC reporis are avallable at http!//www.cept.org/ece under ‘Dellverables’ .
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breadeasting in the LF and MF bands. In addition 10 a comprehensive source of information on the
regulatory aspects for the introduction of DRM in the above mentioned bands, this report also provides
information from European administrations on their current and future use of frequency bands (2010}

All concerned broadcasters and administrations within CEPT are encouraged to consider the transition
from analogue to DRM digital transmissions in order to benefit from the improved quality of service, which
is already available.

ECC Report 141: Future possibilities for the digitalisation of band Il {87.5-108 MHz} [22] and
an associaled Technical Supplement [23] - Band |l is regarded as essential spectrum for FM
broadcasting of audie programs. Glven the increasing demands on Band Il spectrum for broadcasting
there is a need to consider measures that could allow Band [l services to meet future requirements. This
may best be achieved by taking advantage of emerging digital sound broadeasting systems. In the
technical supplement planning and sharing criteria are presented comprising of technical characteristics,
protection ratios and criteria for the protection of other services.

ECC Report 177: Possibilities for Future Terrestrial Delivery of Audio Broadcasting Services
[24] - considers the possibllities for continuing radio broadcasting into the future. The report concentrates
on terrestrial distribution plattormns and especially the relevant digital technologles that exist and are being
developed. Laoking to the future the available spectrum is clearly going to be limited. Classical analogue
based systems, whlle capable of providing a good guality signal to the listener, provide no easy means for
the expansion of facilities.

Amaongst other things particular note is made of the following points:
¢+ Terrestrial audio broadcasting is highly affective in reaching very large audiences;
= The strength of terrestrial audio broadcasting is that avdic programmes are generally ofiered free-to-
alr. This constitutes the main pillar on which the success of radio is built;
+ Audio broadcasting may be the only sustainable source of information in emergency situations;
Migrating from analogue to digital distribution technology offers the opportunity for more services

and higher quality services. Thus, digital broadcasting paves the way for more efficient use of
spectrum than analogue technologies do;

= In Band lIl {Europe) the necessary regulatory framewaork for the introduction of digital audio
broadcasting Is already fully in place. However, there may be a need for Rules of Procedure at [TU
level to enable the introduction of digital services in Band II;

= |ntroduction of digltal terresttial audlo broadeasting in the bands currently allocated to it may take
advantage of existing broadcasting network infrastructure.

Finally, nctwithstanding the above international regulation, permission to use DRM haes to take Into account any
policy put in place by a broadcaster's national administration.

8.2 DRM Standards

The main DRM standard has been published by the global standards body based in Europe, the European
Telecommunications Standards Institute (ETSI} as ES 201 980 [1] and is available for free download from the
ETSI webslie®. All tha supporting standards, for distribution interfaces, data applications and so on, are also
published by ETS! and available the same way, searchable from the keyword ‘DRM’. A comprehensive list of
these standards is set out in Annex 1.

The relevance of each frequency band to DRM together with associated ETS| and ITU standards is given in
Table 8.2.

9 The ETS! wab site address is http://pda.etsl.org/pda
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Table 8.2: Application of DRM standards to frequency bands

System Multipiex Suitable Band(s) ' Channel Raster Standardisation /
Bandwidth ITU Region 1) Regulation
DRM30 4.5 —20 kHz LF ME 9 kHz or 10 kHz? ETS! ES 201 980 {1]
(DRM Mode A-D} : HF 6 kHz ITU-R Rec. BS.1514 [8]
ITU-R Rec. BS.1615[9]

DRM+ 95 Kz VHF |, Sea?d ETSt ES 201 980 {1]

{DRM Mode E) VHF I 100 kHz ITU-R Rec. BS.1114 [11]
VHF i Sea? ITU-R Rec. BS.1660[12]

TABLE HOTES

1. Basls of the given channel rasters are the Final Acts of the [TU-R Conferences for the respective
broadcasting bands (e.g. for Region 1: Final Acts of Geneva 1975 for LF/MF, Final Acis of Geneva 1984 for
VHF Band Il, Final Acts of Geneva 2006 for VHF Band lll}, The channel raster [s the basic ‘grid’ on which
the frequency allocations for different services are laid out. In VHF Band Il in Europe, for example,
transmission frequencies (currently for Analogue FM) ars usually aliocated at 100 kHz intervals. Given that
tha band occupancy of an analogue FM channel is +100kHz (200 kHz overall) two services in the same
area with a 100 kHz spacing would clearly interfere with one ancther. Care has to be taken to ensure that
through geographical separation and the use of directional transmitting antennas interference is kept
within acceptable limits. Particular care has to be taken when introducing different modulation formats
where the band occupancy or the energy distribution within the band might be different.

2. ForITU Reglons 1 and 3 the channel raster is 9 kHz; for ITU Reglon 2 the channel raster is 10 kHz.

3. The DRM+ system can operate in any of the VHF Bands |, 1l and Ili, each of which has its own channel
raster. Currently the channel raster for Band I is 100 kHz and for Band [ll, 1,75 MHz. No channel raster
currently exists for digital radio in Band 1. For DRM+ in VHF band !l a channel raster of 100 kHz is
proposed in the ITU-R Report BS.2214,

In respact of the future development of digital radio in Europe the Radio Spectrum Policy Group (RSPG)™° of the
European Union (EU} in & report on "The Future of Radio Broadcasting in Europe - identified needs, opportunities
and possible ways forward’ {24, 25], acknowledges DAB and DRM but remains nautral on the impact on local
and community radio of the adoption of a singie standard for digital radia. They stress that currently there is no
common policy on radio broadcasting.

However, the EU sees a consensus that the future of radio distribution will be multi-platform and that terrestrial
distribution is still the sole platform for truly mobile reception, in particular in cars. The EU accepts that there are
terrestrial radio standards in use for distributing national and regional services, i.e. the DAB family of standards
as well as the DRM family concelved as a separate, but complementary development. "We note that building
muitiple standards into ragio receiver chips Is becoming a realily and that software implementation of radio
receiver standards is evolving into a mass-market phenomenon, Public policy has to remain both neutral in terms
of technological solutions and sufficlently flexible to adapt to future evolutions."

10 The Radio Spectrum Policy Qroup [ASPS) Is a high-level advisaony group that
assists the Eumpean Sommission in iha development of radlo spectrum policy. .
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This chapter begins by detailing the way in which the DRM signal is distribuled 1o the transmitter(s), [t continues
by outlining methods for adapting existing analogue AM transtnitters and FM transmission fagilities to provide
DRM fransmissions, and considers the performance requirements for the attached antennas and matching
netwarks. Finally, there Is an overview of monitoring and measurements of DRM signals to ensure that they
achieve the desired quality of service,

Propagation and service planning aspects of the signal after it leaves the transmitter antenna and up to its arrival
at the recelver antenna are dealt with in the next section (10j}.

9.1 Programme distribution

This section provides more detall on the way in which the various protocols and interfaces described previously
link together. This enables the audio and contral signals, reguired by the DRM recelver, to be packaged together
in an eflicient way, at the studio or control centre, and sent io the DRM transmitter(s).

9.1.1 Muitiplex Distribution
The MD! stream comprises the following information;
« DRM Multiplex, consisting of MSG, FAC, SDG;

+ Allinformation necessary to run the DRM modulater with the correct settings
{robustness Mode, time stamps for SEN etc.);

= Dptional proprietary information.

GFS satellite network )

) -

dirmibution N
satell(te netwoik

LRI Pt 7

‘DRM distribution for wide-
1praad tranimitter network

Figure 9.1.1a: Example of DRM distribution suitable for internatignal broadgasting
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The data is sent asynchronously in packets. Therefore a large varisty of basic transport mechanisms may be
used, such as UDP/P, serial lines, Satellite, WAN, LAN, and ISDN, As the multiplex is based upon either a 100ms
or 400ms DRM frame, and the transmission of data is effected asynchronously, both the DRM muttiplexer and
modulator must possess thelr own source of time synchronization (GPS or Network Time Protocol, NTP), to
ensure the long-term stability of this framing.

The MOI stream is a very efficient means of transferring encoded audio in terms of bandwidth usage, whilst
retaining the original guality of the programme. By placement of the encoders and multiplexer at the studio the
audio can be encoded directly, using the efficient MPEG coding system, eliminating degradation through trans-
coding. With additional protection and control information the MDi bit rate is only about 20-25% higher than the
encoded audio bit rate, with the result that a typical MDI stream is about 27kb/s for a standard HF channel and
ahout 35kb/s for a typical MF service. A singie 64kb/s distribution channel would thersfore be adequate for most
of the DRM30 system combinations, thereby saving on costly distribution bandwidth. However, where a number
of separate DRM services are sant to one or mare common sites, using a multiplexed system, it may be
advisable to use distribution channels, which can be incremented in smaller steps than 4kb/s, in order to attain
the highest capacity efficiency.

A further benefit of this method of distribution is that it is possible to send the same MDI stream to any
number of madulators. The benefil is that only one DRM Content Server neads to be purchased; however the
constraint is that each modulator has to transmit the same audio programme using the same Mode.

o
1
} contml 3

gt e e e e

| Btacice

Figure 9,1.1b; Typical DRM local/regicnal/national broadcast network topology

For broadcasters wishing to retain their present audio programme distribution netwaork, placement of the Content
Server at the transmitter slte Is acceptable. However, to retain the superior audio quality of the DRM system
requires that the programme be distributed at the highest possibie bit rate in order to minimize tandem-coding
artefacts.

9.1.2 Network Synchronization

A major bengfit of the DRM system is Its support for Single and Multi-Frequency Networks {SFN's/MFN's), which
can provide reliable contiguous coverage, with seamless reception within the planned service area. The benefits
of such netwarks to broadcasters are explained in Sections 5.3.3 and 10.2.1.

°
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Creation of an SFN can be achieved using a single DRM Content Server at a broadcaster’s studio; distribution of
the MDI stream to the network of transmitters can utilize elther satellite or land lines. Each transmitter requires a
DRM modulator that can be assigned an individual identifier for adjusting time delay. The network is configured
so that the DRM output frem transmitter is received at precisely the same time at a specific location in the tanget
zone. This is achieved through timestamps embedded in the MD| protocol, with each modulator capable of
buffering at least 10 seconds of MDI data stream.

The DRM Content Server and each DRM modulator require GPS timestamp information, or an equivalent time
reference. Without this synchronisation, the received signals would be insufficiently time-coincident. This could
cause the delay spreed to exceed the guard interval, causing inter-symbol interference, and audio dropouts
would result. Additionally, inptts of 1 Pulse/second {1 PPS) and 10 MHz are required at the DRM modulator to
provide long term RF stability.

9.2 Transmitting in DRM30 modes

9.2.1 Overview

The fundamental requirement for all DRM modes Is that the transmitter functions as a linear ampiifier, and this
section show how linear amplification can be achleved with existing AM broadcast transmitter designs.

9,2.2 DRM Amplification

While it is possible to construct a linear amplifier to provide the power level required for broadcast transmission,
the energy conversion efficlency is very poor, typically somewhere between 20 - 30%. Thus significant cooling
will be required and operating costs will be high. However, it is worth noting that some HF transmitter designs
implement SSB working by changing the operating conditions of the final stage so that it functions as a linear
amplifier If this is the case it may be used for DRM transmissions. However, as the cooling system Is generally
sized for high-efficiency non-linear operation, available pcwer output is reduced in “linear” mode. As an example,
the peak power capabillity of one example of a 500kW PDM transmitter, when operating as a linear amplifier, Is
reduced to about 300kW. Thus the maximum average DRM signal power avaliable is about 30kW. The relevant
figure must always be checked with the transmitter manufacturer,

A number of current DRM services use transmitters working as linear amplifiers. Essentially the transmitter RF
input Is driven by the 1/Q signal from the DRM Modulator or the fully modulated DRM RF signal at the reguired
centre frequency. Some linearity correction has been found to be necessary and existing correctors provided for
SS5B working have been used successfully.

Alithough some eariier low power transmitters were configured as linear amplifiers, high power AM transmitters
invariably use a non-linear RF amplifier to achleve high conversion efliclency. In a valve {electronic tube}
transmitter, the final RF ampiifier valve will have a resonant circuii connected to the ancde (plate). The grid bias
voltage is chosen such ihat the valve conducts over a limited range of the RF cycle and efiectively delivers
energy to the anode circuit as a serles of pulses {Class B or Class G operation). This sets up oscillatory currents
in the anode resonant circuit and RF power is coupied from this circuit to the antenna.

With the use of modern high power valve technology and efficient cooling systems, very high output power can
be achieved for relatively low drive power with high conversion sfficiency. Solid-state modular MFALF
transmitters use a switching technique to achieve high convearsion efficiency, typically between 70 and B0%, The
output stage of each power amplifier module uses MOSFET transistors as switches arranged in an ‘H Bridge’
arrangement. RF power is taken from a transformer conneacted between the mid-points of each am. in
operatlon, diagonally opposite transistors are sequentially switched at carrier frequency rate to produce alternate
current reversals in the output transformer primary. In this way significant RF power levels can be generated at
high conversion efficiency.

9.2.3 Using Non-Linear Amplifiers for DRM

Non-linear amplifiers cannot be used directly for DRM amplification, for the precisely same reason that they are
unsuitable for AM amplification: AM and DRM signals both comprise multiple RF carriers, which when passed
through a non-linear process will generate intermodulation and cross-modulation products. However a technique
exists where a modulated non-linear amplifier can be driven with suitable RF and base-band signals derived from
the original low level complex I/Q signal, such that the component signals combine in the modulated final
amplifier to form a high level replica of the original signal. The overali effect Is that the modulated amplifier

ORM Intraduction and implementation Guide
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functions as a linear amplifier even though the amplifier itself continues to work in a non-linear manner, This
technique is described in the following Section 9.2.4. Although, a modular solid-state MF/LF transmitter doss not
have a separate modulated amplifier as such, the functionality is identical,

9.2.4 The DRM Signal

As described earlier, the DRM signal from the COFDM modulatcr may take the form of an 1/4Q signal, i.e. the
complex signal Is described by two signals representing the In-phase and Quadrature components respectively.
In raising the lave! of this signal to the power required for broadcast transmissicn it is imperative that the carrect
phase and amplitude relationship of the 1" and "Q" compaonents is maintained." If the signal is distorted, the
MER may well fall to unacceptable levels (together with out-of-band intermodulation products), and ultimately
the DAM signal will be rendered unusable.
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Figure 9.2.4: AM and DRM RF envelopes

The DRM signal, as broadcast, closely resembles band-limited noise. This Is an advantage when considering the
protection ratio of analogue systems interfered with by DRM, but not when it comes to amplification. The
statistical variation of envelope voltage theoretically follows a Raleigh distribution, but in practice the peak-to-
mean ratio lies between 10 and 11dB'. Fortunately, for DRM3C modes, current AM transmitter topologies can be
adapted to amplify the DRM signal In an efficient manner.

§.2.5 AM transmitter conversion

With a traditional AM high-powered transmitter (see Figure 9.2.5), the DRM signal is first converted into
amplitude (A} and phase (RFP) format for injection into the modulator audic input and carrier-frequency drive
clreuits respectively. The relative timing of the A and RFP signals is adjusted to ensure synchronism at the
modutator, and they are effectively recombined through this hybrid modulaticn scheme.

11 Similarly, for 2 modulator with A/RFP outputs

12 See also section 8.5.1

13 This figure represents the normaliy-observed-peak-t¢-mean ratio, and
applias to a DAM signal, which has not besn deliberatsly clipped. {8.5.1)
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Figure 9.2.5: DAM Transmitier with A’RFP topology

For this technique 1o work correctly there are a nurmber of requirermnents that must be satisfled by the transmitter,

1. There must be a direct (DC) connection between the modulator and the final amplifier. Unfortunately
this means that the A/RFP technique cannot be used with transmitters having Class B transformer
coupled modulators. The DC Offset must be matched accurately to the transmitter to avoid unwanted
emissions.

The relative timing of the RFP and A signals need to be adjusted to ensure optimum modulation
perlormance.

3. The bandwidth of the audio path in the transmitter needs to be significantly greater than that required
for normal AM working. Typlcally, the audio path bandwidth should be at least 3.5 times the bandwidth
of the wanted DRM signal. The sampling frequency of solid-state Pulse Step or Pulse Duration
Modulators {(PDM/PSM) must ba more than twice this frequency limit {0 meet Nyquist criteria. Any
bandwidth limiting filters in the audic path must be removed and the modulator output filter will need to
be modified to achieve tha required bandwidth. In modifying the filter response it is important to ensure
that a substantially flat group delay characteristic is maintained over the pass-band.

Transmitter manufacturers now offer DRM and AM transmitters that can switch rapidly between AM and DRM
modes based on considerable accumulated knowledge, They can also advise on the conversion of existing AM
transmitters (both LF, MF and HF), many of which have been field-converted over the last few years,

M

9,2.6 Perfarmance of DRM30 transmitters

DRM transmitters based on AM ampllflers and employing A/RFP modulation are capable of providing excellent
performance, provided the technical criteria outlined previously are addressed. Typical efficiencies of modern
DRM transmitters lie In the range 70 to 85% (mains in to RF out) over the corresponding power range 10 to
250 kW,

The following plots illustrate the relative impact of differential signal timing, DG offset and the bandwidth of the
Amplitude {(envelope} channel on the transmitter output spectrum {N.B. the red curve is the DRM spectrum
mask),

DRM Introduction and Implementation Guide
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Figure 9.2.6a: DC-Offset influence on DRM Cutput Spectrum

b. AJRFP signal delay. The time delay betwsen envelope and phase signal must be matched to better
than 1 us. in order to fulfil the DRM spectrum mask.
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Figure 9.2.6h: Influence of DAM A /RFP signa! delay

C. Bandwidth of A /RFP paths, Figure 8.2.6c illustraies the influence of a band limitation in the envelope
signal path on the DRM spectrum. All other parameters, which influence the DAM spectrum, are matched
perfectly in this figure.

The envelope (4) bandwidth should be at least 3.5 times the bandwidth of the DRM sigral in order to fulfil the

DRM spectrum mask. If the bandwidth is less than optimum, but the rofl-off is not too steep, it may still be

pessible o meet the mask using pre-correction In the medulator.

Jorm
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Figure 9.2.6¢: Impact of envelope bandwidth on DRM output spectrum

60 DRM RF Bandwidth: I0kHz -

9.2.7 Qut of band Power {008}

All transmitters, whether AM or DRM, will generate some power outside of the bandwidth needed for

transmission of the required signal. in order to avoid undue interference to adjacent channels, the ITU has laid
down recommendations (ITU-R SM. 328) in the form of a spectrum mask within which the out of band power
spectrum of AM transmitters must be confined. A similar shaped spectrum mask wlll be applied to DRM

transmissions.

The plot in Figure 9.2.7 shows the spectrum obtained from an example of the A/ RFP topology used ina LF
transmitter with a 8 kHz DRM signal,

Power Spectral Density. [dB/Hz]

Frequency [kHz]
Figure 9.2,7: DRM LF TX Spectrum
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9.2.8 Use of oider Transmitters for DRM Trials

In some older transmitters, it is often found that one or more of the parameters set out above cannot be met,
This normally results in higher OOB that exceed the spectrum mask. As an interim measure, for instance to allow
demonstraticns or trials to take place, it may be possible to re-Introduce the nermally-suppressed centre-
frequency carrier, some DRM Modulators provide this facility. Reintroducing this CW signal has the effect of
changing the composite signal amplitude-distribution in such a way that the signal bandwidth of the “A" channel

is reduced. This results in improved linearity and ensures that out-of-band radiation is minimised (Figure 9.2.8
DRM spectrum with additional carrier).

The level of the re-introduced carrier is adjusted experimentally for best results while observing the RF output
spectrum with the transmitter connected to the antenna system. This technique, while effective, is not ideal due
to the energy wasted in the carrier signal and the impact of the carrier on the performance of DRM receivers. For
these reasons It 1s not recommended to use this technique for a permanent DRM service.
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Figure 98.2.8; DAM spectrum with additional carrfar

9.3 Transmitting in DRM+ configuration

For the DRAM+ setup it s &lso possible as in DRM30 to use a variety of configurations for existing or new
instailations to bring the DRM+ service on air.

Table 9.3: DRM+ Mode E Parameters

DRM+ Mods E Parameters Bit-rate (kbits/s} @
Code-rate 4- QAM 16-QAM

Occupied Bandwidth 95 kHz 0,26 37.3

Nurnber of carriers 213 0.333 49.7 99.4

Carrier spacing 444 44 Hz Q.4 50.6
"Symbol length Tu 2.25 tris 0.411 1224
Guard interval Tg 0.25 ms Q.5 74.5 1481

Qverall symbgl length Tu + Tg 2.50ms 0.825 186.4

14 Older transmitters using phase and ampitude (A/RFP) topology.

@
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9.3.1 WNetwork system architectures for DRM+

In all digital transmission systems with a non-constant amplitude, the amplifiers need to be as linear as possible
to get the best perfermance out of the system. Gne possitle arrangement is to use a iinear Class A, orin
preference a push-pull Class A-B amplifier. Future developments may lead to VHF amplifiers employing
topoiogies similar to the A/RFP arrangement that is naw ubiguitous in AM transmitters.

9.3.2 Basic DRM+ setup

For 2 DAM-+ only transmitter, the typical architecture is very simple and could logk like Figure 9.3.2a. The audio
programme and the additional digital information are combined in the content server and feed to the Modulator
over the MD] data stream, The DRM+ modulator provides a final-frequency modulated RF cutput signal that is
directly connected to the power amplifier device.

_i
L
_.lﬁ
i
[ 2o
N

MDI

DRM + Modulator Contant Server  — AUDIO
. iN

Figure 9.3.2a;: DRM+ only with linear PA

The output spectrum, shown together with the DRM+ spectrum mask superimposed, will look similar to Figure
9.3.2b,

For further information on the DRM Spectrum mask see Section 9.4,

P
Breite Status

Figure 9.3,2b: DRM+ transmitter; measured output spectrum for a 3 kW transmijtter

CAM Introduction
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9.3.3 DRM: ‘Simulcast Mode’

In some circumstances it is also possible to have a mixed setup of the DRM«+ signal with an existing FM
broadcast installatlon. In the case of combined mode, whera a DRM+ is added to an existing analogue
transmitter. the spectrum arrangement and the two principle variables (frequency offset and relative amplitude)
are illustrated in Figure 9.3.3.

The most common architecture to have such a signal configuration on-air will be the combining the respective
power amplifier outputs (FM and DRM+) with a high level combining system. This may take several forms, as
outlined in the following sections,

Figure 2.3.3: PAM+ combined mode spectrum

9.3.3.1Directional Coupler Combining

The DRM+ and FM signals are combined using a hybrid coupler after the twa power amplifiers - Figure 9.3.3.1.
The coupling factor is chosen to stiike the optimum compromise between power loss in the FM channel, and the
size (power rating) of the DRM+ amplifier. The coupling chesen is normally in the range 6 to 10dB (see Table
9.3.3.1).

Table 2,3,3,1: DRK1+ cambiner optians

DRAM+Trangmitter Overall
Mode FM RF out rating {for ~10dB FM Power efficiency
- KW) relative to FM) reductian {Mains to RF,
kW) indicative)
1. FM Oniy (reference) 10 . 0% 64
2.a)  6dB Coupler-combiner 7.5 3.0 25% Y]
2.b}  10dB coupler-combiner 8.0 8.0 10% a8
3. “in-air* combiner (antenna) i0 1.0 0% 56
®
oDrm
®g°
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EXITTING ANALOGTX

g b -MDI 1 DAM
-I DRM + Modufatar I——l Contant Serr |-AUDID
ANALCG ) N
AR =y TN,
L}

Figure 9.3.3.1: DAM+ combined mode with RF power combining

Transmission power is lost in the dummy load connected to the necessary hybrid coupler, but the advantage is
that the analogue and digital chains are fully independent in operation.

9.3.3.2‘In Air' Gombined mode with separate antennas

It is also possible to use two antennas for the different signals; one for the DRM+ signal and one for the FM
signal. The two antennas should ideally be cn the same mast and have simlar radiation patterns In crder to
preserve the amplitude relationship between analogue and digital signals, From the energy peint of view, this is
the most efficient way to operate a combined mede arrangement (see Table 9.3.3.1).

This mode doesn't guarantee that the power level between analegue and digital transmission stays absolutsly
constant in multipath reception conditions.

EXSTING ANALOGTX

ANALGG \
MBI T
[

Figure 9.3.3.2a: DRM+ combined mode antenna coupling
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A very elegant option solution is to use a mixed, slant or girgular polarisation antenna with independent input
feeds of the H and ¥ pdlarisation elements - a split feed antenna as shown in Figure 8.3.2.2b.

Hytirid Coyplyr 14K 900

|
X

Y
~

BatTING ANALOGTX

AHALOG
AR = TN,
™

Figure 9.3.3.2b: DRM+ Combined Mode ~ spilt feed Antenna coupling

Note that in multipath conditions, neither option above will guarantes that the power level between analogue and
digital transmission will stay absolutely constant.

9.3.4 DRM+ combined Mode Setup {signal level combining)

It is alsc possible to combine the FM and DRM+ signals prior to the main power amplifier. For this mode, the PA
Is required to be modified or designed spesifically to accommodate the two signals without generating excessive
intermodulation products.

X
~

r\_' ANAL OG
AUDIO
oM

(=] DRH
DRM * Madulior CongmServer ’—A”D'o
™

Figure 9.3.4: DRM+ and FM combining at low signal level

in thls configuration the DRM+ signal and the FM slgnal are comblnad in front of the power amplifier. The
coupling is done at low signal level and the energy losses on the dummy load resistor connecied to the hybrid
coupler is insignificant.

o®
orm

ENGINEERING STATEMENT IN SUPPORT OF OBJECTION TO KZNO-LP GRANT 07292019.._pdf 63 71302019 110604 AM



9.4 Spectrum masks and protection levels for DRM+

9.441 VHF Bands | and |l

To broadcast with PRM+ in the existing bands alongside other transmissions, the protection levels and a
transmitter spectrum mask have been defined as given in Figures §.4.1a and 9.4.1b. The goal for a Broadcaster
is to tune all the parameters perfectly to stay within the masks, avoiding interference with other transmissions
and maximise the coverage of their own transmission.

Froquassy, O [6rr)

Figure 9.4.1a Spectrum mask for DRM+ and FM broadcast

6048

| oo --.| == Protetdon Aailo;DRM+into FH
£0dB il P {on Ratla: FM into DRM+1S0QAM

hov o o=- - | e Protection Ratle:FH into DRM+4QA™ —;;;_-_;;.)-4»
204B
0d8 NN A

IS NN B
.20dB| o e . -

-40d8 - \\
-50d3
0 kHz 100 kHz 200 kHz 300 kHz 400 kHz

af

Figure 9.4.1b DAM+ combingd mode power setup and protection levels

» The black curve shows the maximum ORM + power ratlo that will not affect the analogue signal beyond the
recommended protection criteria.

+ The blue curve shows the minimum power ratio for 16 QAM DRM+ in the presence of an analogue FM
interferer.

+ The red curve shows the minimum power ratio for 4 QAM DRM+ in the presence of an analogue FM
interferer.

DRM Introduction and mplemantation Guide
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9.4.2 VHFBandlIll

An out-of-band spectrum mask for DAM in VHF Band Il is given in Figure 2.4.2 and Table 8.4.2, together with the
vertices of the symmetric out-of-band spectrum masks for DAB transmitters!® as minimum transmitter
requirement, defined for a resolution bandwidth (RBW) of 4 kHz. Thus the value of -14 dBr results for DRM.

]
-20
U RS
w
%
a0
£
g -8p
%100
3
128
14t | . N
-4 -3 e -1 ] 1 2 E) 4q
Freguancy oHset {MHz)
| =DAB uncillical ====nAp grical *<=DAB crical 12D__"=DRM |
Figure 9,4,2: Qut-of-band spectrum masks for DAB and DRM in VHF Band il

Table 9.4.2: Qut-of-band spectrum masks for DAB and DRM in VHF Band Ml

Spectrum mask {1.54 MHz channel} / Spectrum mask {100 kHz channel)
relative leve! for DAB {in 4 kHz) reiative level for DRM (in 4 kHz)
Frequancy Lavel (dBc} Level (dBc} Level (dBc) Frequency offset Level (dBc)
offset {non-gritical {critical cases) {critical {kHz}
(MHZ) cases) cases/12D)
0,77 28 26 o AR
< +0.97 -26 wa -e +50 -14
£0.97 -58 -7 ~78 160 —44
+1.75 mu -1086 - +181.25 ~59
+2.2 --- - ~126 200 74
3.0 106 ~106 -126 ' £300 79
+500 -84

9.5 Transmitter Monitoring

DRM requires a different approach ta monitoring, than that normally used for analogue broadecasting.
Observation of the DRM RF envelope on an oscilloscope reveals lltle useful information and the RF spectrum of
a DRM pseudo random binary test sequence (PRABS) is essentially [dentical to the spectrum of a DRM

programme or data signal. A simple AM or FM demodulator can of course no longer be usad to monitor the
transmitter.

An immediate and simple monitoring solution is to employ a software receiver, which uses an analogue receiver
as a front-end togelher with a PC decoder, At least one manufacturer offers the front-end recelver with the
necessary 12 kHz |F output.

15 Glyen In Recommendation ITU-R B88.1660-3; Technical basis for ptanning of terrestrial digital sound broadcasting in the VHF band.
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The decoder can be easily implemented on a laptop PC, which is set up alongside the DRM transmitter with the
audio output routed into the station monltoring system - or the system can be included as part of the
maintenarica engineer's toolkit when visiting unattended transmitter sites. This simple system will allow basic
monitoring and programme checking to be carried out on the transmitter,

Some DRM exciters on the market use built in test recsivers to supervise the output signal.

9.5.1 Characterising Transmitter Performance: the MER

As well as compliance with the OOB power spectrum mask, a useful way of characterising the performance ofa
DBM transmitter is to measure the Modulation Error Ratio {MER). Every DRM capable transmitter must match the
DRM spectrum mask and the MER limit at the same time. As has been explained in an earlier section, the DAM
signal consists of a group of discrete equally spaced carriers.

Each carrier is modulated in terms of amplitude
and phase and so can be represented es a
vector. Errars in the modulation process, phase
noise in the RF drive synthesiser and less than
ideai response in the transmitier amplitude and
phase paths can be considered to add an error @
vector which, when added to the distortions
introduced by the BRF channe! and receiver may I o L Jdeal wransmitted
cause overallyerrors in the decoding process in Actial transmis....-- carrier vector
the recelver. The MER indicates the ratio carrier vecror » I

betwesn the undistorted ‘wanted’ vector and
the error vector introduced by the system, - Error vector
averaged over many carriers, and is normally
expressed in dB. Thus a high MER figure ® ¢
shows that the error vector Is small compared
with the wanted vecior and in consequence
there should be little difficulty in correctly
deccding the data represented by the carrier
phease and amplitude. For a compliant DRM
transmitter, an MER ot 30 dB or greater should
be expected.

As mentioned earller, DRM power available from an AM transmitter is normally lower than the rated AM power,
This is because the peak-to-mean ratio of the DRM signal is around 4dB higher than that for 100% AM
modulation. Thus from a broadcaster standpoint, It might be desirable to enhance the DRM power by effectively
clipping the peak envelcpe and hence reducing the transmitted crest factor of the DRM signal. The price paid for
this power enhancement is a decrease in MER. Figure 9.5.1b illustrates the relation between TX power, MER and
the crest factor of the DRM signal,

Figure 9.5.1a: Derivation of Medulation Emmor Rate MER
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Figure 9.5.1b: Power Crest factos relation
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9.6 Test Equipment

As a minimum, a Spectrum Analyser having sufficient dynamic range to confirm out of band spectrurn mask
compliance and a DRM Reference Recelvar for deterrnining MER, bit error rates and audio quality checks on the
transmitted signal, will be needed to cormmission and maintain a DRM systam. See the DRM web-sita for links to
manufacturers and suppliers.

9.7 Antenna Systems

As a very broad generalisation, the antenna systems used for analogue broadcasting In the HF and FM Bands
can be used for a DRM service operating in the same band.

For LF and MF services, the primary concern is that of obtaining adequate bandwidth, as determined by the
return-loss seen by the transmitter. This is particularly important where 16 or 20 kHz DRM signals are to be
raciated or where analogue 9/10 kHz DSB and 9/10 klMz DRM signals are to be radiated on adjacent channels in
simulcast modes. In the later case it may not be practical to use the existing antenna, if It cannct be
aconomically modified to provide sufficient bandwidth.

An immed|ate effect of a restricted antenna system bandwidth is to attenuate the amplitude and alter the phase
relationship of the outer carrlers. This is not actually a problem for DRM, as the receliver is able to correct such
distortions. There is also a possibility that a restricted bandwidth may react on the associated transmitter and
increase the OOB power. Equally wel) a restricted antenna response may serve to attenuate some O0B power. In
extreme cases, excessive reflected power can cause transmitter to cut back cutput power, or even trip.

Where the antenna bandwidth s commensurate with the DRM signal bandwidth, it can be expected that the RF
specirum cbserved with the transmitter loaded with the antenna will be gifferent to that abserved with a resistive
test load. In setting pre-correction, it may well be necessary to take account of antenna characteristics.

9.7.1 MF Anftennas

tMF antennas are normally tuned to the service frequency, although In some installations two or more services
may be radiated from a common antenna. Many types of MF antenna exist. The particular configuration used Is
determined by coverage area and whether ground wave only, or a combination of both ground- and sky-wave
propagation, is to be used.

MF Antennas are usually adjusted to present a resistive load at the service frequency. Either side of this
frequency, the load impedance presented to the transmitter becomes complex with an increasing Imaginary
component. For DRM, the recommendation is that the antenna impedance characteristic is symmetrical, that is,
the sign of the imaginary compcnant changes either side of centre frequency and the rate of rise {or fall) of the
antenna impedance either side Is equal. Thus, If the imaginary component is -j below centre frequency it must be
+j above centre frequency or vice versa, Antenna bandwldth can also be expressed in terms of the VSWR
characteristic, Investigations undertaken by several companies Iindicate that for DRM, the VSWR at + 10 kHz
from centre should be not greater than 1.1:1 and not greater than 1.05:1 at £ 5 kHz from centre, Performance
parameters bettar than this may be required for the satisfactory radiation of DRAM 18/20 kHz wideband signals.

VSWR v Fraquency

AN ,
N /
N7
" AN /]
N7

058 0.98 092 a9 054 058 .00
Fraquancy (MR

Figure 9.7.3; Typicai VSWR of an MF A/4 Antenna Power
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To lllustrate this, the basic Voltage Standing Wave Ratio (VSWR) charaeteristie for typical single A/4 resonant
mast radiator is shown in Figure 9.7.1. This characteristic refers to a base fed 75 metre mast, having a diameter
of 0.5 metre, and was abtained by NEC modelling. The resonant frequency is approximately 938 kHz.

Shunt fed and folded monopole resonant configurations have a similar response and the VSWR characteristic
meets the requirement for DRM. In electrical terms the antenna *'Q' facter, and hence bandwidth, is very
dependent on the physical size and form of the radiator. Thus a “cigar * shaped mast would have a low Q, flat
VSWR characteristic and wide bandwidth, whereas a "thin" antenna would have a high Q, steep VSWR
characteristic and narrow bandwidth.

Generally, practical single mast radiators, operated at their resonant frequency, are unlikely to present bandwidth
problems for DRM. In very extreme cases, however, modifications may be needed to the physical structure of the
mast In order to achieve the reguired bandwidth.

in multi-mast antenna configurations, such as Yagi arrays and 'Four Posters’, the coupling between radiators and
reflactors will have an influence on the bandwidth of the driven masts and generally tends to incraase the G and
decrease the bandwidth. For these examples, some further work may be required to ensure satisfactory
operation.

As has been shown, the bandwidth and hence VSWR characteristic of the basic practical MF resenant antenna is
unlikely to present any serious problemns for DRM. Consideration must however be given to the likely effects on
bandwidth of matching networks, reject filters, comhining networks and feeder systems that are interposed
between the antenna and transmitter.

9.7.2 LF Antennas
The plot in Figure 9.7.2a shows the Input impedance characteristic of a 220-metre base fed mast.

Input Importance vs Frequency
500
) 250
5
B
.E- 0
5 ——
-E- MMM"
250 b
-500
ol7 0.18 0.1% 0.20 o2l 022 0,23
Freqency (MHz)
Figure 9.7.2a: LF Anlenna [nput Importance

The red curve represents the resistive component and the blue, the reactive component. As can be seen the
antenna is predominantly capacitive with a very small resistive component, typically this is of the order of
5 -10 Ohms.

The use of non-resonant antennas may reduce the bandwidth; however the implications are not considered here.

Figure 8.7.2b shows the characteristic Smith Chart plot of a folded monopole LF antenna operated at 198kHz
over = 10kHz before and after an optimised broadband matching ATU network.

DRM Introduction and Impiemantation Guide
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Figure 9.7.2b; LF Antenna Smith Chart; left - antenna only; right - including ATU

9.7.3 Matching and Combining Networks

In order to ensure that the transmitter is presented with a symmetrical impedance characteristic, it s necessary
that the matching network and feeder system interposed between the antenna and transmitter corresponds to an
integer-multiple of quarter wavelengths at the channei centre-frequency. Where this criterion is not met,
symmetry can be restored with the addition of phase shift or phase rotation networks. This wiil also often
improve the bandwidth. Matching networks for non-resonant antennas, or those including rejection filters and
combiners at rnulti-service sites may have a restricted bandwidth. Methods of overcoming restricted bandwidths
are discussed in the next section.

9.7.4 Implementing a DRAM Service on an Existing Antenna System

AS mentioned garlier, the intrinsic bandwidth of HF and FM antennas is miore than adequate for the DRM signal,
and such antenna systems can normally be used without alteration.

The slituation 1s however different at LF & MF. As a first step, the antenna impedance characteristic must be
established. This is rnost easily obtained using a Network Analyser and if presented In the form of a Smith Chart,
the amount of phase rotation needed to correct sn asymmetrical characteristic can be determinad directly from
the plot. The required phase rotation can either be implemented with an additional phase shift network or the
existing matching circult medified.

IMPEDNCECint .
fREE _ g oM .|q.u§1°:|_m oo Admicance Chart
I T B SWmy. 5 207 kHz LFantenna, h = 265m..
I 1  eveness Real
e ATU only
ST, e ———— Imag.
- — Rexal
SPR P P Antenna + ATU
HE et o — = Irnag.

o T CENTER ‘A7 000000 Hi

TO00Ma . XENs SPAM. 10 MMH:
ARWEIOIHE ST 402, secMARIGE A= 0= 10dEm
Amws icot :

FAgure 9.7.4: Matching an LF antenna
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Where system bandwidth (in terms of the VSWR characteristic — which can also usually be obtained from the
Network Analyser), is less than optimum, the first line of approach is to consider the transmitter and antenna
systern response as a whole. The overall response is then measured and used 1o determine the pre-correction
required at the DRM Modulator and so compensate for the restricted antenna bandwidth

The better solution is to revlew the antenna system design in consuitation with the suppliers as they may be able
to offer alternate matching and combiner network configurations having a wider bandwidth,

DRM Introduction and Implementation Guide
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10.1 Scope

This section provides some illustrative background Informaticn (and a number of Important references) to
documents which detail the work undertaken o derive the protection and planning criterla required for DRM
fransmissions. Service planning is a complex sukject, and it is neither appropriate nor feasible to reproduce all
the relevant information in this manual, especially as it Is alraady openly published elsewhere by the ITU and
others [, 27, 28], However, an overview of some of the more important techniques and know-how gleaned from
several years of aperating and monitoring DRM and similar digital services are included in this section.

Finally, there is a short summary on reception monitoring.

10.2 Network topologies

Normally, the service planner is set the task of designing a transmission system to achieve a prescribed quality-
of-service over a given target area {local, regional, national etc.) In most instances, the editorial or geographic
boundary of the target service area will not caincide with the service area dictated by propagation physics. In
other words, it norrmally reguires careful planning and optimisation of transmitter powers, site locations, and
antenna configuration to achieve something close to the desired coverage. The whele process is further
constrained by (in particular) budgets, site access, frequency allocations and co-ordination issues.

The DRM system provides the planner with a powerful tool-kit of techniques that can significantly ease these
problems when designing a digital network.

i. GChoice of frequency-band

As DAM supports broadcasting in all the LF, MF and HF bands, together with VHF bands |, 1l and Hl,
finding suitable frequency allocations should be made much easier.

ii. Out-of-band operation and cross-network signalling

Frequently, broadcasters who are currently confined to one band {e.g. MF or FM) often make the
assumption that they should seek to migrate to digital ransmissions operating in the same band. With the
abiiity to signal {(AFS} and cross-link betwaen AM, FM, and all DRM medes, it is possible to commence
digital services in any band. The [istener will tune a radio using a list of station names derived from band-
scans, and will be unaware of {and unconcerned by) the actual frequencies used for iransmission.

i, Multi-band digital networks

Whilst SFN's and MFN's can provide a flexible range of caverage options, It Is alsc feasible to exploit the
unique advantages of the various DRM modes when planning services. For Instance, an MF frequency can
be used for wide-area rural coverage, supplemented by 26MHz or Mode E transmissions In citles, where
man-made noise-levels and steel-framed buildings cause reception difficuities.

iv. Dynamic mode-changing

The ability o change the broadgast signal parameters in response to propagation conditions is an
extremely powerful tool that Is only avallable in digital modes.

One illustration of the use of such a technigue is dealing with the effects of night-time (sky-wave)
interference to services in the medium waveband. In addition to any possible change ta transmitter power,
by moving from 64 to 160AM and applying stronger coding, an additional 6 to 10dB of protection can be
obtained, helping to balance day and night-time coverage.

7302015 11:06:05 AM



10.2.1 Single Frequency Networks {SFNs)

Although analogue synchronous networks are sometimes used at MF and LF to provide extended coverage,
there will always be problems with mutual interference in the overlap regions, sometimes known as ‘Mush Areas’.
This usually requires the use of additional frequencies to supplement coverage in these areas. Analogue FM
transmissions are particularly susceptible to multipath, especially in stereo, and single-frequency networks are
therefore only rarely used, and then under very prescribed conditions'e.

With careful design, these problems can be all but eliminated using a DRM SFN. Provided the received signals all
arrive within the guard interval they will reinforce each other and reception should be improved compared 10 a
single-transmitter case. There are two separate mechanisms at play that lead to improved reception:

i. Increased strength-strength as a result of the ‘power-sum’ of the individual transmission components
{see Figure 10.2.1);

ii. At VHF frequencies, a phenomena known as 'netwaork gain® whereby the standard deviation of the
median field-strength is reduced as a result of contributions from two or more transmissions received
over uncorrelated paths.

The impact of network gain at VHF frequencies can be significant'?; in essence, it is 2 quantitative {igure
reflecting the benefit of diversity in reducing the probabllity of a flat fade in a Raleigh charnel.

Figure 10.2.1: A three-transmitter MF SFN covering Berlin

10.2,2 Multi-frequency networks

MFN’s offer an attractive solution to providing wide-area coverage in situations where any one frequency cannot
be co-ordinated or licensed across the dasired teritory. As described earlier in Section 5.3.5, providing the same
DAM mode is used for all transmissions then [t is possible for a DRM recelver to switch between frequencies
without breaks in the audig, (in a similar manner to the AFS feature of FM RDS). Network synchronisation
requirements are virtually identical to those required for an SFN.

16 For Instance, providing covarage alang a highway using a "“linear” netwark of transmitters each feeding a directionai antsnna
17 Research results for DAB SFN's in Band il yielded a figure of around 44dB for Network Gain
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For the more general case where the listener may be handed from DRM-to-DRM, but in different bands (and
hence probably differant modes) or to an analogue sustaining service, audio interruptions can be minimised by
using dual-front-end receivers together with either:

* A recelvar memory buffer, or

¢ The use of delay-matched transmission networks.

The typical delays inherent in interleaving etc. in various broadcast modes are set out in Annex R of the DRM
standard [1].

10.3 Available Frequency Bands

Several frequency bands are used for radio broadcasting. These frequency bands have different characteristics
that make them suitable for different types of radio service. As a general rule, wide area coverage is easier to
achieve in the lower frequency bands but the capacity of these bands is restricted. Higher frequency bands
have greater capacity but it Is mors difficult and costly to provide coverage over a wide area.

Propagation characteristics vary with frequency and different radio systems have been devised to make best
use of them. As a general rule, lower frequencies are better able to cover large areas (countries and even
continents) with a single transmitter whilst the higher frequency bands are most suitable for regional and local
services.

10.3.1 LF/MF/HF

The LF, MF and HF frequency bands between 148.5 kHz and 30 MHz'? are traditionally used for analogue AM
broadcasting. However, as already explained in this this guide, DRM is designed to operate in these bands as a
cuality digital replacement for the analogue services. The LF and MF bands are primarily used for domestic
broadcasting and the HF bands for international broadcasting. Due to changing propagation conditions during
the day the coverage in these bands is variable. This can be tolerated by listeners of analogue services but
requires extra care Jn planning digital services to ensure that listeners do not lose their reception.

There are ITU rules of procedure In place to allow DRM transmissions LF/MF/HF bands - see Section 8.1.

10.3.2 26 MHz band

DRM is the only digital broadcasting system designed to operate in the shortwave bands (broadcast allocations
within 3 — 30 MHz), The “26 MHz band" (25.67 o 26.1 MHz} is a 430 kHz wide broadcasting service allocation
at the upper and of the HF range, providing forty-two 10 kHz (or 21 x 20 kHz) channels. International
broadcasters tend to favour the lower frequency broadcast bands (below 21 MHz), partly because low ccst HF
receivers do not pick up the 26 MHz band and partly because there are few times in the 11 year solar sunspot
cycle when the band supports long-range propagation. Thaerefore part of the band may be available for locai
broadcasting.

The result of using low power ‘line of sight’ transmission systems in the 26 MHz band is a coverage arsa very
similar to a Band | transmisslon. An additional benefit of the band is that man made noise levels are usually
much lower than, for instance, the MW band.

For local coverage the system offers the following features:
= Coverage of an entire metropolitan area, or a small portion serving a specific community;

» Use of a 10 kHz channel provides equivalent 'FM-mono' or 'parametric stereo’ audio guality. Use of a 20
kHz channel yields more capacity and hence greater fiexibility in terms of transmission modes and audic
configuraticns;

* Use of an SFN or MFN to cover a wider area with lower power transmitters than if a single transmitter were
to be used;

» Employ Alternative Frequency Switching (AFS8) if the same programme is broadcast on more than one
frequency, with the recelver dynamically selecting the best signal;

+ Significantly lower power levels than those needed for an MF transmission providing similar coverage.

18 LF band: 148.5 - 283.5 kHz; MF band: 526.5 — 16806.5 kz; HF band: 3 - 30 MHz.

L ]
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10.3.3 Band | {47 - 68 MHz)

The frequency range between 47 — 68 MHz has mainly been used by analogue television, and it Is not planned
for digital television'?, Consequently, ORM+ could in principle be introduced in Band I. At the present time, no
regulatory framework exists for the Introduction of DRM+ and it should be noted that in some countries there are
other services In operation.

Services In this Band are particularly subject to long distance interference (Sporadic E) at certain times of the
year and therefore Band | is more suitable for the provision of local services where the wanted signal can be
relatively high.

10.3.4 Band Il (87.5 - 108 MHz}

The frequency range between B7.5 and 108 MHz is used for FM broadcasting. DRM+ is an ideal candidate digital
radlo system for use in Band (I,

Nevertheless, the introduction of DRM in Band |l would have to be considered on a case-by-case basis due to
the intensive use of this band throughout the world for FM radio services. The digital assignments should initially
be inserted between existing analogue FM assignments and eventually on free FM assignments where possible.
There may be a need for some 'Rules of Procedure’ in relation to existing International agreements {e.g, The
Geneva 84 Agreement [18]) in order to take into account digital system parameters.

10.3.5 Band Ill {174 - 230 MHz)

Band Il), the frequency range between 174 and 230 MHz has been used extensively for analogua television but is
now planned and used for digital television and digital radio senvices. In Europe and some other countries it Is
the primary spectrum range for the introduction of radio broadcasting on the basis of the DAB-family, which
delivers radio content in terms of several programme services bundled to generate a multiplex which is
transmitted within the intended bandwidth of 1.75 MHz. Clearly, broadcasters who are not in a position to fill an
entire multiplex will need to share a multiplex with others. DRM provides an alternative solution where single
service coverage planning is desirable.

If different digital radie systems are intreduced into Band Il appropriate channel rasters must be defined together
with the necessary sharing criteria.

10.3.6 Other YHF Fregquency Bands

Other frequency allocations in VHF bands assigned to broadcasting services are not exhaustively covered yet,
e.g. areas in ITU Region1 where allocations of the Wiesbaden T-DAB Agreement 1935 are still used {230 - 240
MHz) or in some Southern African countries, where the VHF Band Il is allocated to the broadcasting services up
to 254 MHz, or the broade¢asting bands in |TU Regions 2 and 3, perhaps the QOIRT FM band (65.8 - 74 MHz) or
the Japanese FM band (76-80 MHz), respectively, that can later be adapted. Planning parameters for these
unconsidered cases can be derived or taken from the given valuss, considering 254 MHz as the international top
boundary of the VHF broadcasting spectrum.

10.4 Planning toois

At the time of writing there are no planning tocls available which have been specifically designed to calculate
coverage and availability for DRM transmissions.

However, provided that the broadcaster uses a transmission mode appropriate to the channe! being used, the
moré esoteric aspects of digital transmission and reception {delay spread, channel Impulse response etc.) are
automatically catered for within the various DRM-mode parameters. This then leaves only the received field-
strength {and predicted interference lavels from other broadcasts) to be determined by the planning tool in
precisely the same manner as when planning an analogue service. In other words, given the additional
knowledge of the recelver performance and the relevant local noise-floor, the overall received c/n ratio can be
calculated in the normal way.

19 In a few European countries this Band was also used for M senvices (so called OIRT FM Band 66 - 73 MH2), However, mast of these
countrias have ceased using Band | far FM broadcasting services,

20 ECC Reporl 141 [22] and the associated Technlcal Annex provide a comprehensive cvarview of tha possibilitias for introducing digital
radlo Inte this Bard in Eumpe.

DRM introduction and lmplementation Guide
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Hence, currant ‘analogue’ planning tools capable of predicting mean and standard deviation of field-strength can
be used to plan DRM services, provided the appropriate target s/n figure for the relevant DRM mode is used.

For the specific case of propagation in the 26 MHz Band studies have been carried out for evaluating diffsrent
prediction algorithms on the basis of empirical measurements. The algorithms under test were; ITU-R F.15486,
Longley-Rice, Diffraction effects {Deygeout and ITU-R P526) and empirical algorithms for mobile reception such
as Ckurnura-Hata. The results revelaed that for close-to transmitter coverage-calcutation, ground wave
propagation should be considered. As for the overall coverage area, 1o model outperforms the others in all
situations, Nevertheless, the algorithm In ITU-R P.1546 provided the highest accuracy and it can be improved by
considering ciearance angle, elevation and diffraction issues,

10.5 Planning data for DRM30

The planning data for DRM networks has been derived from a mixture of theoretical and simulation modelling,
complemented by laboratory and field trial measurements. The starting point for this work is a set of theoretical
minimum carrlerto-nolse ratios for the DAM system: these figures assume perfect receivers and no man-made
noise etc. It is then possible to derive real-world performance data using ITU planning assumptions and
methodology, as described in ITU-R BS.2144 [27). An outline is given below.

10.5.1 DRM30 Theoretical S/N ratios

These values were derived by passing the various medes of DRM signals through one of six pre-defined channel
medeis. These channel models in iurn were based on real-world channsl-sounding experiments that were used
to characterise Doppler and delay spread, and multipath (number of paths, relative amplitudes etc.}. These six
channel models are labelled 1 to 6: Table 10.5.1a glives an overview of their basic scope and intended use. They
are defined in detail in ITU-R BS.1615 [S].

Tahle 10.5.1a; Summary of DAM3) RF channel madels

Channel model No. Reprosentative of:

Good Typical/Moderate Bad

1 | Additlve white Gaussian noise LF MF HF LF with variable
S/N

2 | Groung-wave + Sky-wave MF, HF
3 | 4-path spread 2.2mS HF MF
4 2 equal paths spread 2mS HF
5 |2 equal paths spread 4mS HF
6 i Near vertical incidence in tropical zones HF (NVIS)

Table 10.5.1b shows the required signal-to-noise ratios {S/N) for four DRM30 modes when operating in

channel 1. A bit-error ratio of 1 in 104 corresponds to the point at which subjective audio quality starts to degrade
to the point that is defined as 'limit of service'. Similar tables for all six channels are listed in both EBU Tech 3330
[28] and ITU-R Recommendaticn BS.1514 [8].

Table 10,5.1b: 5/N (dB) to achieve BER of 1 x 10 for all DRM30 robustness modes— Channel mode! No. 1

Modulation | Protection Average Robustness n_-lqu_:l e/spectrum
stheme lovel No | codarate occupancy type
: A2 B/3 C/3 Dr3
{8 kHz) (10 kHz) (10 kH2) {10 kHZ)
0 0.5 B.6 9.3 96 10.2
16-GAM 1 0.62 10.7 11.3 116 12,1
0 0.5 141 14.7 151 15.9
1 0.6 153 15.9 16.3 17.2
64-0AM 2 ilval 174 17.7 18.1 19.1
3 0,78 18.7 19.3 18.7 214
o®
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10.5.2 DRW minimum field-strengths (MFS)

Extensive werk has been carried cut to determine the protection ratios and minimum field-strength for the
various DRM modes.

For DRM30, the definitive data is published in [TU-R Rec. B5.1615 [9). Additionally, and freely avaflable as a pdf
download, the EBU have published an excellent summary (In EBU Tech 3330 [28]), of the DRM planning and co-
ordination process which includes much of the key data contained the ITU document. Planners requiring detailed
information on DRM planning are urged to read this document.

10.5.2.1 MFS Derivation process for DRM30 modes

As DBM is intended to work alongside AM services for some consicderable time, the planning process used is
based on the same underlying principles and assumptions as those uses for AM services. For AM planning
purposes, the minimum field-strength is based on

» An audio S/N ratio of 26dB referred to 30% modulation, and

¢ A notional figure for overall nolse as seen by the recelver, and expressed as an equivalent field-strength.
This noise-field is freguency-band dependant.

Table 10.5.2.1a below sets out the ITU procedure used to derive the recelved noise field-strengths, from which
the resuitant minimum field strengths for DRAM are calculated by adding the required DRM S/N data from, for
example, Table 10.5.1b.

Table 10.5.2.1a: Procadure for estimation of the minimum usable field strength

Parameter DSB (AM) Digital

1) Required receiving quality Audio frequency signal-to-nolse
ratio: 26 dB with 30% (-10.5 dB) BER: 1.0E-04
2) Required C/N for the above mod. (Rec. ITU R BS.703) % dB (see e.g Table 10.5.1b)
quality (26 + 10.5 =} 38.5 dB (10 kHz)
3) Receiver {IF) bandwidth (8'kHz) {1 dB higher receiver intrinsic
noise than DSE)

4) Receiver sensitivity for | LF 66 Required in Rec. 30.8+X | xdBabove the
the above C/N; dB{ W/m) | MF 60 ITU-R BS.703 245+ X% | receiver intrinsic
5) Receiver intrinsic noise | HF 40 4.5+ % nolse
related to fleld strength, LF 298.5 30.5
for the above sensitivity; | MF 23.5 | 35.5 dB(C/N) betow the 24.5 1 dB higher than
dB(uv/m) HF 3.5 sensitivity 4.5 DSB

() This value, 3.5dB(uV/m), is also indicated in Annex 4 to Rec. |TU-R BS.560 [29].

NOTE 1 In the case of the digital receiver, the expression S/N should be used instead of C/N, which is used for
the analogue DSB receijver.

NOTE 2 |Intrinsic noise of the reference DSB receiver can be calculated as 36.5dB belcw the sensitivity,

NOTE3 Intrinsic noise of the relerence digital receiver is estimated about 1dB higher than DSB due to IF
bandwidth difference. And the sensitivity of the reference digital receiver for xdB S/N is calculated as
xdB above thai.

NOTE4 Theincrease of antenna [oss for any racelver that vses a small-sized bullt-in antenna directly increases
the receiver intrinsic noise related te the field strength, This should be taken into account.

CARM Introduction and Implementation Guide.
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10.5.2.2 Minimum usable field strength values

For the LF and MF bands, the results for the DAM robustness maode A are given telow in Tables 10.52.2a to
10.5.2.2¢. it should be noted that these results correspond to minimum noise-conditions, typically found only in
quiet rural loeations. If one of the other robusiness modes is to be used in these bands, the corresponding field
strength values can be computed with the help of appropriate S/N values for these modes as given in ITU R
BS.1615 [g].

Table 10.5.2.2a

Minimun usable field strength (dB{p¥/m)} fo achieve BER of 1 x 10 for DRM robustness mode A with different spectrum
accupancy types dependent on protection level and modulation scheme for the
LF frequency band {ground-wave propagation)

Moadulation Protection level | Average code | Robustness _mod_e!Ghannel_
scheme ' No rate bandwidth
ASO{4.5 kHzZ) A2 (9 kHz)

16-0AM 0 0.5 39.3 39.1

1 0.62 414 412

0 0.5 44.8 44,8
64-01AM 1 0.6 48.3 45,8

2 0.71 48.0 47.6

3 Q.78 48,7 482

Tahle 10.5.2.2b

Minimum usable field strengih (dB(V/m}) to achieve BER of 1 x 10+ for DRM robustness mode A with different spectrum
occupancy types dependent on protection level and modulation scheme for the
MF frequency band (ground-wave propagation)

Moduiation Protaction level | Average code | Robustness mode/Channel
scheme No rate bandwidth
A0 (4.5 kHz) A/Z (SkHZ)
A/ (8 kHz) A3 (10 kHz)
16-QAM 0 0.5 333 331
1 0.62 35.4 35.2
0 0.5 36.8 3B.6
64-0AM 1 0.6 40.3 a8
2 0.7 42.0 41.8
3 0.78 437 43.2

* A3 (10 kHz) is not applicable to GE75

°
oDI'Mm
0,

ENGINEERING STATEMENT IN SUPPORT CF CBIECTION TQ KZNO-LP GRANT 07292019.._pdf 82 7/30/2019 11:0805 AM



Table 10.5.2.2¢

Minimum usable field strength (dB{uv/m)) to achieve BER of 1 x 10+ for DRM robustness mode A with different spectrum
occUpaney types dependent on prolection level and modulation scheme for the

MF frequency band {ground-wave plus sky-wave propagation)

Modulation Protection level | Average code | Robusiness mode/Channel
scheme No. rate bandwidth
A/ (4.5 kHz) A2 (9 kHz)
A1 (5 kH2) A/3" (10 kHz)
16-0AM 0 05 34.3 33.9
1 0.62 372 37.0
0 0.5 39.7 394
64-0AM 1 0.6 411 40.8
2 G.71 44.2 43.7
3 Q.78 47.4 46.5

* A3 (10 kHz) is not applicable to GE?S

Table 10.5.2.2d shows the range for minimum usable fleld strength needed to achieve the BER target on HF
channels using robustness mode B. This range arises from varying propagation channel conditions. Mode A is
not applicable to HF transmission because of the lack of robustness in the OFDM parameters (length of the
guard interval and {requency spacing of the subcarriers).

The results for protection level Nos. 2 and 3 in combination with 64-CAM are not included in Table 10.5.2.2d for
the HF bands, due to the occurrence of bit error floors even at higher S/N, which are caused by the weak error
protection. These protection levels are not recommended for HF transmission on channels with strong time or
frequency-selective behaviour.

Table 10.5.2.2d
Range of minimum usable figld strengths (dB{pV/m)) to achieve BER of 1x 10~ for
DRM robustness mode B with specirum occupancy types 1 or 3 (5 or 10 kHz) dependent en
protection level and modulation scheme for the HF frequency band

Modulation Protection level | Average code | Robustness mode/Channel
schame No rate bandwidth
B/1 {& kHz) B/3 (10 kHz}
-1 S“QAM 0 0.5 19.2 ‘2‘2.8 191 - 22.5
1 0.62 22.5-25.6 222-2583
B4-QAN Q 0.5 25,1 - 28.3 246-27.8
1 0.6 27.7-304 27.2-29.9

ENGINEERING STATEMENT IN SUPPGAT OF DBIECTION TO KZNC-LP GRANT 07292019.._pdf B3

10.5.2.3 Other Factors

Several measurement campaigns have been carried out (See Annex 4} in order to evaluate the performance of
the DBM system in the MF band and to verlfy the planning parameters specified In the relevant ITU
Recommendations Summary. The measurements indicate that the reception environment (Urban, Suburban or
Rural) hes a considerable influence an the requirements in terms of field strength,

For urban environments, the main factor affecting the reception in the MF band is man-made noise the levels of
which may vary considerably from Iocation to ancther. Depending on the density of urbanisation and the leve! of
industrial actlvity measurements show the median vaiues in the range 10 to 40dB higher than the iTU-R
reference for the MF band.

Lecal surveys should therefore be carrded out to establish the extent and level of these environmental factors
prior to any detailed planning for LF and MF bands.

DRM introduction and implementation Guide
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Furthermore it should be noted that the receiver performance could be a determining factor In defining the
minimum field strength required for planning and the resulting reception quality. This performance depends on
the following receiver characteristics:

« Sensitivity {including recelving antenna performance}
< Selectivity
« Behavior In overloading conditions.

10.5.3 Relative protection and power reduction

The values of protection ratios can be found in ITU-R BS 1615 [8]. They are also freely available in EBU Tech
3330 [28]. In addition, for the introduction of a digitally modulated signal in an existing environment, it has to be
ensured that this new signal will not cause more interference to other AM stations than the AM signal which is
replaced by the digitally modulated signal. Values for the required power reduction to fulfill this requirement can
be found when the RF protection ratios for AM interfered with by AM, and AM interfered with by digital, are
known,

The RF prctection ratio is the required power difference between the wanted and the unwanted signal that
ensures a stated quality {either analogue audio or digital $/N), When the wantzd audio quality for AM interlered
with by AM Is comparable to AM interfered with by digital, the difference in RF protection ratio is the required
power reduction.

Recommendation ITU-R BS.560 [29] contains relative RF protection ratios for AM interfered with by AM.

For the purpose of HF coordination, Resolution 543 (WRC03) [30] provides Provisional RF protection ratio values
for anelogue and digitally modulated emissions In the HF broadcasting service,

10.6 Planning data for DRM+

Full details of the system parameters and network concepts for planning broadcasting networks with DRM+ are
provided in Annex 3 of ITU-R Res. BS.1660 (Technical basis for planning of terrestrial digital sound broadcasting
Systemn G (DRM) in the VHF band) [12]. The following sub-sections of §10.6 provide an overview of the key
planning elemenis.

10.8.1 Reception modes
8ix reception modes are considered:

+ Fixed reception (FX) — reception where a receiving antenna mounted at mof level is used (10 m above
ground leve! is assumed for planning)

¢ Portable Qutdoor reception {PO) - reception where a portable receliver with battery supply and an
attached or buili-in antenna is used outdoors at no less than 1.5 m above ground level,

« Portable Indoor reception {P1} - reception where a portable receiver is used indoors with stationary
power supply and a built-in (folded) antenna, or with a plug for an external antenna, at no less than 1.5m
above floor level in rooms with a window in an external wall.

* Portable outdoor handheld recepticn {PD-H) - the reception situation in an urban area with bad
reception conditions and a receiver with en external antenna (for example, telescopic antennas or the cable
of wired headsets)

+ Portable indoor handheld reception {PI-H) - as for the above PO-H with the addition of a building
penetration loss.

« Maobile reception (MO) - reception in a rural area with hilly terraln by a receiver in motion also at high
speed with a matched antenna situated at no less than 1.5 m above ground level or floor level

10.6.2 Correction tactors for ficld-strength predictions

in order 1¢ take into account the given different recelving modes and circumstances in network planning,
correction factors have to be included to carry the minimum field-strength level over to the median minimum
field-strength level for predictions (e.g. with Recommendation ITU-R R 1546).

o
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These include:
* Antenna Gain

¢ Feeder Loss
= Height Loss Correction factor
¢ Building penetration loss
* Allowance for man made noise
¢ Implemantation loss factor
e Correction factors for |ocation vanability
+ Distribution factor
» Folarization discrimination
These correction factors are calculated for the reference frequencies given in Table 10.6.2.

Table 10.6.2: Reference frequencies for calculations

| n ]
VHF b
and G7-68MHz) | (B7.5-10BMHZ) | (174-230 M)
(frequency range)
Reference frequency
8 100 200
(MHz) 5

10.6.3 System parameters for field-strength predictions - Mode E

Several of the derived planning parameaters depend on the characteristic of the transmitted DRM signal. Two
typical parameters for the mode and code rate were chosen as baslic sets - see Table 15:

¢ DRM with 4 QAM as a high protected signal with a lower data rate which is suited for a robust audio signal
with a low data rate data service.

« DRM with 18 QAM as a low protected signal with a high data rate, which is suited for several audio
signals or for an audio signaf with a high data rate data service.

Table 10.6.3a: MSC code rates for calculations

MSG mode 11 -4 QAM 00-186 QAM
M3G protection level 1 2

M3C coderate R 1/3 172
SDC mode 1 1

SDC coderate R 0.25 0.25

Bit rate approx. 49.7 kbit/s 1481 kbit/s

DRM Introduction and Impiementation Guide
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The propagation-related OFDM parameters of DRM are glven in Table 10.6.3b.
Table 10.6.3b: OFDM Parameters

Elementary time period T 8313 us
Duration of useful (orthogonal) part 7,=27 - T 2.25ms
Duration of guard interval ;=3 -T 0.25 ms
Duration of symbel Ts=Tu+ Ty 2.5ms
Tty 1/9
Duration of transmission frame Ti 100 ms
Number of symbols per frame Ns 40
Channel bandwidth 8 96 kHz
Carrier spacing 1/Tu A44 4/9 Hz
Carer number $pace Kmin= =106; Kmax= 108
Unused carriers none

10.8.4 Single frequency coperation capability

A DRM-+ transmitter can be opearating in single-frequency networks (SFN). The maximum transmitter distance
that that must not be exceeded in order o prevent self-interference depsnds on the length of the OFDM guard
interval. Since the length T, of the DAM guard Interval is 0.25 ms, the maximum echo delay, and therefore the
maximum transmitier distance, is 75 km.

10.8.5 Minimum wanted field strength values

The minimum wanted field strength values used for planning are given in the following tables for bands I, 1} and
Iil. In each table minimum median flek strength, Emed (dB{uv/m)) is derived for the various reception conditions;
it is the appropriate value of minimum usable field strength for planning purposes to be used for coverage by a
single transmitter, being a value for 50% of locations and for 50% of the time at 10 m above ground level. Further
details on the derivation of the values can be found in ITU-R Rec. B5.1615 (9],

Table: 10.6.5a: Minimum median fiefd-strength fevel Emea for 4 QAM, B = 1/3 in VHF Band |
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DRM modulation 4 QAM. R = 1/3
Receiving sltuation _ FX Pl Pi-H PO PO-H MO
Minimum receiver input power |  Pema (dBW) | -142.68 | -136.68 | -136.63 | —-136.68 | —136.68 | —138.48
level
Antenna gain G (dBd) 0.00 <220 | -22.76 | -2.20 | =-22./6 | -2.20
Effectlve antenna aperture Aa (dBm?) 4.44 2.24 -18.32 | 2.24 -18.32 2.24
Feeder-loss L. (dB) 1.10 0.00 0.00 0.00 0.00 022
Minimum power flux-density at| ¢mn [dBW/me | —146.02 | -138.92 | -118.36 | ~138.92 | —118.36 | —140.50
receiving place
Minimum field-strength level at| Enin {dBpV/m) -0.25 6.85 27.41 6.85 27.41 5.27
receiving antsnna
Allgwance for man-macde nolse Pmma (dB} 1538 15,38 C.00 15.38 0.00 15.38
Antenna height loss Ly (dB) 0.00 8.00 15.00 8,00 15.00 B.CO
Building penetration loss Ly (dB) 0.00 8.00 8.00 0.00 0.00 0.00
Location probability 0% 95% 95% 95% 85% 9%
Distribution factor u 0.52 1.64 1.84 1.64 1,64 2.33
Standard devialion of DRM om (dB) 3.56 3.56 3.56 3.56 3.56 2.86
fleld strength
Standard deviation of MMN Omma (dB} 4.53 4.53 0.00 4.53 0.00 4,53
Standard deviation of building o (dB) 0.00 3.00 3.00 0.00 0.00 0.00
penetration ioss
Location comectlon factor i {(dB) 3.02 10.68 71.85 9.47 585 12.46
Minimum median field- Emed (dBpV/m) | 18.15 | 48.91 | 58.06 | 39.71 | 48.26 | 41,11
strength level
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Table: 10.6,5b; Minimum median field-strength level Emw for 16 QAM, R = 1/2 in VHF Band |

DAM modulation 16 QAM. R=1/2
Receiving situation FX 3] Pi-H PO PO-H MO
Minimum recelver input Ps.min (dBW) -136.08 | —128.58 | -128.58 i —128.58 : —128.58 | —131.18
power level
Other corrections as for Table 10.6.5a - - - - - -
Minimum medijan field- Eres {(dBuV/m)| 24,75 | 57.01 | 66.16 | 47.81 | 56.36 | 48.41
strength level

Tahle: 10.6.5¢c: Minimum median field-strength level Emg for 4 QAM, B = 1/3 in VHF Band |l
DRM modulation 4 QAM. R =1/3
Receiving situation EX Pl Pl-H PO PO-H MO
Minlmum recelver input power | Pa.mi (dBW) -142.68 | -136.68 | -136.88 | —136,68 | —136.68 | -138.48
level )
Antenna gain Go (dBd) Q.00 -2.20 ~18.02 | -2.20 -19.02 -2.20
Efective antenna aperture A, (dBrrd) Q.7¢ -150 | -1B32 i -1.60 | -18.32 } -7.50
Feeder-loss Lz (dB) 1.40 .00 0.00 0.00 0.00 0.28
Minfmum power flux-density Pmn (ABW/mM?) | -141.97 : 13517 | -118.35 | -136.17 | -118.35 | ~136.69
at recelving place
Minimum field-strength jevsl Ermin ([dBRV/m) 3.79 10.59 27.41 10.59 27.41 g.07
at recelving antenna
Allowance for man-made noise Pran (B} 10.43 10.43 0.00 10.43 0.00 10.43
Antenna height ioss Ln {dB} 0.00 10.00 17.00 10.00 17.00 10.00
Bullding penetration loss Lp (dB) 0.60 8.00 .00 .00 0.00 Q.00
Location probability 70% 95% 95% 95% 95% 99%
Distribution factor u 0.52 1.64 1.64 1.64 1.64 2.33
Standard deviation of DRM om (dB}
field strength 3.80 3.80 3.80 3.80 3.80 3.0
Standard deviation of MMN Tmima (dB) 4,53 4.53 0.00 4,53 0.00 4.53
Standard deviation of building b (dB)
penetration loss 0.00 3.00 3.00 0.00 a.0o 0.0o0
Location comection factor C: {dB) 3.10 10.91 7.98 9.73 6.25 1277
Minimum median field- Emcs (dBPV/m) 17.32 | 50.92 | 6%.37 | 40.74 | 50.66 | 42.27
strength level

Table; 10,6,5d: Minimum median field-strength leve! Enes for 16 QAM, R = 1/2 in VHF Band li
DRM maodulation 16 QGAM. R = 1/2
Receiving situation FX Pl PI-H PO PO-H MO
Minimum receiver input P (dBW) | -136.08 | -128.58 | -128.58 | -128.58 | ~128.58 | ~131.18
power level
Other corrections as for Table 10.6.5¢ - - - - - T
Minimum median field- Ema(dBEV/mM), 23.92 | 59.02 | 69.47 | 48.84 | 58.76 | 49.57 |
strongth level
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Table: 10.6.5¢: Minimum median field-streagth level Eag for 4 QAM, R = 1/3 [n VHF Band |l§

DRM modulation 4 QAM. R=1/3 _
Heceiving situation X Pl Pl-H PO PG-H MO
Minimum receiver input power | Ps.mn (dBW) -142 68 | -136.68 | —-136.68 | —136.68 | -136.68 | —138.48
level

Antenna gain Go (dBd) 0.00 -2.20 |} -13.00 | -2.20 | -18.00 | -2.20
Effective antenna aperture A (dBm?) -5.32 ~752 | -iB832 | -f52 | -18.32 | -7.62
Faeder-less L (dB} 2,00 D.00 0.00 0.0D C.00 0.40

Minimum power flux-density at| ¢mn (dBW/m? | —135.351-129.15 } -118.35 | -128.15 | -118.35 | -130.55
recelving place
Minimum field-strength level at: Em. (0BUV/M) 10.41 16.61 27.4% 16.61 27.41 15.21
| recelving antenna

Allowance for man-made noise| P (dB) 3.62 362 0.00 3.62 0.00 562
Antenna height loss Ly (dB) 0.00 12.00 10.00 12.00 19.00 12.00
Building penetration foss Ly (dB) 0.00 8.00 9.00 0.00 0.00 0.00
Location probability 70% 95% 95% 95% 95% 80%
Distribution factor 1] 0.52 1.64 1.64 1.64 1.64 2.33
Standard deviation of DRM On (dB) 4.19 4,19 4,19 419 479 3.49
field strength

| Stantard deviation of MMN Ommn (dB) 453 4.53 0.00 453 0.00 453
Standard deviation of building U, {dB}) 0.60 3.00 3.00 0.00 0.00 0.00
penetration loss
Location correction factor Cr([dB) 3.24 11.29 8.48 10.18 £.89 1331
Minimum median field- Enec (dBuV/m)| 17.26 | 52.52 | 63.89 42,38 | 53.30 2448

strength level

Table: 10.6.5f: Minimumn median field-strength level Emes for 16 Q4M, R = 1/2 In VHF Band Il

DRM modulation 16 QAM. R =1/2

Recelving situation X Fl PI-H PO PC-H MO
Minimurn receiver input Psnin{dBW) | -138.08 | -128.58 | -128.58 { -128.58 | -128.58 | —131.18
power level

Other corrections as for Table 10.6.5¢ - - - - - -
Minimum median field- Epea (dBuV/m). 23,86 | 60.62 | 71.99 | 50.46 | 61.40 | 51.43
strongth level

10.6.6 Paosition of DRM frequencies

The DRM system is designed for use at any fraguency with variable channelisation constraints and propagation
conditions. For VHF Bard |, and VHF Band Il, the DRM centre frequencies ara pasitioned in 100 kHz distance
according to the FM fraguency grid In VHF Band Il. The DRM system is designed for use with this raster. For VHF
Band 1ll, the DAM centre frequencies are positioned in 100 kHz distance beginning by 174.05 MHz and integra
multiples ol 100 kHz up ta the end of VHF Band Il

10.8.7 Protection ratios for DRM

The baslc protection ratio PRuasi: for DRM Is valid for all VHF bands - see Table 10.6.7a. However, hecause the
standard deviation of DRM differs in the respective VHF bands the correspanding protection ratios?! PR(p), are
different in the respective VHF bands.

21 Corresponding protection ratio FA{p): for a wanted digital signal Interferad with by an unwanted signal at
lecetion probabllity greater than 50%, taking into account the respective location probability of the cormsponding
recapton modes that have higher protection raquiremants due to the higher location probabillty to be protected. .
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Table 10.6.7a: Basic protection ratios PRugi; for DBM interfered with by DAM

Frequancy offset kHz) 0 =100 +200
DAM (4 QAM, R = 1/3} PRiaze (dB) 4 -16 -40
DRM (16 QAM, R = 1/2) PRtasi: (dB) 10 -10 34

10.6.7.1 DBM interfered with by DRM

Tabie 10.6.7.1a: Corrasponding protection ratios PR(p) to reception modes for
DAM {4 OAM. R = 1/3) interfered with by DRM

Reference frequency band 85 MHz

VHF Band |
Frequency offset (kHz) ¥ 100 +200
Fixed reception (FX) PR(p) (dB) 6.64 -13.36 -37.36
Portable reception (PO, Pl, PO-H, PI-H) PR(p) (dB) 12.27 -7.73 ~31.78
Mobile reception (MO) PR{p) (dB) 13.40 -6.60 -30.60
Reference frequency band 100 MHz

VHF Band ||
Frequency offsat | (kHz} 0 +100 =200
Fixed reception (FX) PR(B) (dB) 6.82 -13.18 -37.18
Portable reception (PO, P!, PO-H, PI-H) PR(p) (dB) 12.84 ~7.16 ~31.16
Mabile receptian (MO) PR(p) (dB) 14.20 -5.80 -29,80
Reference frequency band 200 MHz

VHF Band liI
Frequency offset {kHz) 0 =100 =200
Fixed reception {FX) PR{p) (dB) 7.11 -12,89 -36.89
Portabla raception (PC, Pl, PO-H, Pi-H) PR{D) (@B} 13.75 ~6.28 -30.25
Mohbile reception (MO) PFR{p) (@B} 15.45 -4.51 -28.51

DRM introduction and tmplemantation Guide
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Table 10.6.7.1b: Corresponding protection ratios PA{p) to reception mades for
DRM (16 QAM. R = 1/2) Interfered with by DRM

Reference frequency band 65 MHz

VHF Band |
Frequency offset kHz) 0 =100 +200
Fixed reception (FX) PR(p) {dB) 12.84 -7.36 -31.36
Portable reception {PO, PI, PO-H, Pi-H} PA(p) (dB) 18.27 -1.73 -25.73
Mobtle reception (MO) PR(p) (dB) 18.40 -0.60 -24.60
Referencs frequency band 100 MHz

VHF Band Il
Freguency offsat {kHz) a 100 +200
Flxed reception {FX) PR(p) (dB) 12.82 ~7.18 -31.18
Portable reception (PO, Pl, PO-H, Pl-H) PA(p) ([dB) 18.84 ~1.16 ~25.16
Mohile reception (MO} PRAip) [dB) 20,20 0.20 -23.80
Reference frequency band 200 MHz

VHF Band Il
Frequency offset (kHz) Y =100 =200
Fixed reception (FX) PR(p) (dB) 13.11 -6.89 -30.89
Portable reception (PO, PI, PO-H, PI-H) PR(p) (dB) 19.75 -0.25 -24.25
Mobile reception (MQ) PR{p) {dB) 21.49 1.49 ~22.51

10.6.7.2 DRM interfered with by FM in VHF Band |}

The basic protection ratio PReasc for DRM interfered with by FM in VHF Band Il is given in Table 10.6.7.2a. The
values for the corresponding protection ratios PA(p}, are given in Table 10.6.7.2b and Table 10.6.7.2c.

Tahle 19.6.7.2a: Basic protection ratios P for
DRM interfered with by FM

Frequency offset {kHz) 0 100 =200
DRM (4 QAM. R = 1/3) PRussc [dB) 11 -13 -54
interfered with by FM (sterec)

DRM (16 QAM. R = 1/2) PRoag: [dB) 18 -9 —49
interfered with by FM {stereo}
o®
e DM
@9, t
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Tahle 10.6.7.2b; Corresponding protection ratios PR(p) to reception modes for
DRM (4 GAM. R = 1/3) interfered with by FM stereo

Frequency offset (kHz) 0 =100 200
Fixed reception (FX) PR{p) {dB) 15.79 -8.21 -49.21
Portable reception (PO, PI, PO-H, PI-H) | PA(p) (dB) 38,02 2.02 3848
Mobile reception (MO) PR(p) {dB) 3161 7.61 -33.39
Table 10.6.7.2¢: Corresponding protection ratios PAfp) ta reception modes for
DAM (16 QAM. R = 1/2) interfered with by FM slereo
Frequency offset {kHz) 0 =100 +200
Fixed reception (F¥) PR(p) {dB) 22.79 —4.21 -44,21
Porteble reception (PO, Pi, PO-H, PI-H) PR{p} {dB) 33.02 £.02 -33.88
Mobile reception (MQ) FPR({o) (dB} 38.61 11.61 -28.39

10.6.7.3DRM interfered with by DAB in VHF Band lll

The basic protection ratio PRoas for DRM Interfered with by DAB in VHF Band Il is given in Table 10.6.7.3a. The
valuss for the corresponding protection ratios PR(p), are given in Table 10.8,7.3b and Table 10.6.7.3c.

Table 10.6.7.3a: Basic protection ratios PR for
DRM interfered with by DAB

Frequency offset {kHz) a +100 =200
Basic protection ratio for PRasic (dB) -7 -36 -40
DRM (4 QAM., R = 1/3)
Basic protection ratio for PRasic (dB) -2 -18 -40
DRM (16 QAM. R = 1/2)
Table 10.6.7.3b: Coiresponding protection ratios PA(p) to reception modes for
DRM (4 QAM. R = 1/3} interfered with by DAB
Frequency offset (kHz) 0 =100 200
Fixed reception (FX) PR{p} {dB) -3.37 -32.37 -50.37
Portable reception (PO, PI, PO-H, PI-H) FR{p} (dB) 4.37 ~24.63 -42.63
Mobile reception (MO) PR(p} (dB) 8.16 —-20.84 -38.84
Table 10.6.7.3c: Corresponding protection ratios PRYp) to reception modes for
DRM (16 OAM. R = 1/2) Interfered with by DAB
Fraguency offset {kHz) 0 100 £200
Fixed reception (FX) PR(p} (dB) 1.63 -14.37 -45,37
Portable reception (PO, PI, PO-H, PI-H) |  PR(p) (<B) 0.37 ~6.63 ~37.63
Mabile reception (MO} PR(p) (aB) 13.16 -2.84 -33.B4
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10.6.7.4DRM interfered with by DVB-T in VHF Band i

Since the impact mechanism of DAB into DAM is the same as that of DVB-T the same protestion ratios far DRM
interfered with by DVB T in VHF Band I!l can be assumed as for DAM Interfered with by DAB in VHF Band Iii.

10.6.8 Protection ratios for other broadcasting systems interfered with by DRM

10.6.8.1 Protaction ratios for FM in VHF Band Il

The FM signal parameters are given in Recommesndation ITU-R BS.412 [32]. In Annex 5 of Recommendation ITU-
R BS.412, it is indicated that interferences can be caused by intermodulation of strong FM signals In a frequency
offset greater than 400 kHz. This cross-modulation effect from a high interfering signal level in arange up to 1
MHz distance has also to be taken into account when planning CFDiM systems into VHF Band [l. Tharefore
FAuasiz in the range of 0 kHz to £1000 kHz are given in Table 10.6.8.1a.

Tatle 10.6.8.1a: Basic protection ratios PRkasi
FM interfered with by DRM

Fraguency offset (kHz) 0 =100 +200 +300 +400 £500 | 1000
Basic protection ratio for | PRuase (dB) | 49 30 3 -8 -1 -13 -21
FM (stereo)

Further considerations on the effects of interference in Band |l can be found in the Technical Supplement to ECC
Report 141 [23]. This includes a note that care should be takan to avoid aeronautical interference.

10.8.8.2 Protection ratios for DAB in VHF band 1l

The DAB signal parameters are given In Recommendation ITU-R BS.1€60 [12]. T-DAB planning should be able to
deal with moblle recepticn with a location probability of 99%, and with portatle indeor reception with a location
probability of 95%, respectively22. In addition, the values for fixed reception with a location probability of 70% are
given.

Tha basic protection ratio PR for DAB interfered with by DRM in VHF Band lllis given In Tabie 10.6.8.2a. The
values for the corresponding protection ratios PR(p), are glven in Table 10.6.8.2b.

Table 10.6.8.2a: Basic protection ratios PR for
DAB interfered with by DAM

Frequency offset (kHz) 0 +100 2200
Basic protection ratio for T-DAB PRuyasic (dB) 10 —~40 -40

Table 10.6.8.21: Correspending protection ratios PA{p) to receplion modes for
DAB interferad with by DAM

Frequency offset {kHz) G 100 200

DAB fixed raception PR{p) (dB) 13.63 -36.37 -36.37
DAB portable reception PR(p) (dB) 21.37 -28,63 ~28.63
DAB mobile recepticn PR(p) (dB) 25.16 -24.84 -24.84

22 Final Acts of the Reglonal Radlocommunication Conferanca for planning of the digital termestslal broadcasting
service in parls of Regions 1 and 3, in the frequency bands 174-230 MHz and 470-862 MHz (RRC-08). .
®
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10.6.9 Sharing Criteria with Other Services

Analogue broadcasting compatibility with asronautical services Is fully specified in Recommendation ITU-R
SM.1009 [31). Digital broadcasting will have to comply with the same requirements. All broadcasting signals by
gdefinition must have the main power content contained completely within the broadcasting band.

ITL studies are on going to provide the necessary recommendations for the new digital transmisslon formats and
their compatibility with aeronautical systems. However, inltlal Investigations do not indicate any significant
difference to the results previously obtained with analogue FM signals.

10.7 Reception Monitoring

An imporiant part of assuring the quality of any radio transmission comes from monitoring the transmitted
stgnals withinh the target coverage area. In the case of analogue services, this has generally been accomplished
by using a high quality receiver for signal reception. The signal strength is then read from a calibrated meter,
whilst making a subjective assessment of the audio guality. Someone in the target area tuning a receiver to the
required service and then listening to it in real time has historically made such an assessment,

More recently, this manual method has been supplemented by using unmanned remotely-controlled or
scheduled receivers to receive the signals and record the varicus signal parameters, (such as MER#), and
sometimes a sample of the audio. This information can include not only the signal strength and audio quality,
which can be assessed from the audio bit error rate, but also continuous parameters describing the quality and
nature of the transmission channel. Over time the accumulation of this information should ead to an improved
understanding of the propagation channel.

Data acquired by the monitoring receiver can be stored locally and downloaded from the reception siteon a
regular basis, to provide evidence of the performance of a particular transmisslon, or accessed In near real time.
This enables the monitoring of reception to be completely automated.

To help facilitate this DRM has developed a specification and protocol for the control interface {RSCI) (ETSI
TS102 349). If manufacturers of professional receivers use this specification it will ensure that an operator can
use monitoring receivers of more than one manufacturer to build a monitoring network, but use the same
software to control and download data from all these receivers. Furthermore, this opens the possibility for several
operators or broadcasters to share the same receivers, if they so wish.

7 2rg702007 s
INOERAGT <

Figure 10.7.4: Example of MER statistics derived from Reception Monitaring

Several DRM broadcasters have developed monitoring infrastructure: see for example the BBC MF monitering
systam [33].

23 As described eardler in section 9.5 the MER |s based on the ratio of size of tha error vagtor from the currently mcalvad point to the closest
peint an anldeal constellation. A range of MER types of is defined by the CRM Recelver Status and Control Interface (RSCH}.
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11.1 Summary

DRM is an open standard: all information relating te the technology is published in a series of standards
administered by ETSI {see Annex 1)

+ The DAM Cecnsortium does not own any DRM patents, and is completely divorced from the entire
technology-licensing process;

+ There is no running-royalty or other charge to broadcasters or listeners for use of the system;

* Royalties for essential patents used in manufacturing DAM equipment (transmitters, raceivers etc.) are paid
to the relevant patentees (either directly or for AAC through Via Licensing);

* The DAM Consortium does own the DRM trade-mark, which is administered by DAM as set cut in 11.3
below.

11.2 IPR and the DRM Consortium

From a practical standpoint, there are two Important classes of IPR that have a Iong-term impact on DRM:

» Essential patents relating ta the DRM standard, 1.e. patents which are necessarily infringed when
implementing the system (hardware or software which is processing DRM signals: transmittors, receivers
etc.);

» The DRM trademark {Fig 11.2}, which is registered in Switzerland and a number of other key territories,
including the European Union, the USA, Talwan, Canada, South Korea, the Russian Federation, China and
Singapore.

Figure 11.2: The DRM logo / trademark
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11.3 Licenses for DRM IPR

11.3.1 Manufacturers of DRAM equipment

Equipment [mplementing the coding and modulation part of DRM requires the use of certain essential patents for
which manufacturers need to make agreaments with the patent holders. The audio part of DAM falls entirely
within the licencing of AAC undertaken by Via Licensing, a Licensing Administrator acting on behalf of the AAC
licensor patent pool - see www.vialicensing.com. The DRM Association and the DAM Consortium do not make
any charges for the use of the DRM technology. :

The DRM Asscciation owns the DRM trademark {logo) on behalf of its members. !t is protected through the
process of trademark registration in target territories. Separately, it is also protected by copyright law and, in
some temitories, by laws prohibiting unfair competition,

There are a number of logo variants, comprising the basi¢ logo plus a single word: examples are:

* Member - used by a DRM Member to dencte membership, and to distinguish between this use and the
use of the "basic” logo on official DAM business {or on behalf of the consortium).
s Supporter - Used by DRM supporters to denote their participation in the DRM supporter's programme.

DRM Trademark use requires a formal licensing agreement to be signed and this is avallable, on request, from
the DRM Project Office.

11.3.2 Marketing of DRM products

The DRM Association, as owner of the DRM trademark, is responsible for setting the Terms and Conditions for
use of the logo on DRM products.

It is highly probable that in many markets, DRM will be just one of several technologies bundled tagether, in an
item of consumer equipment, to form an attractive ‘whole’, Examples might include radigs which support AM,
FM, RDS, DAB+ and DRM, which will be marketed as "Digital Radio™: any reference to DRM will be reserved
either to denote functionality (as with "Intel Inside"), or compliance with the minimum performance requirement
set by DRM. Thus the logo, whilst potentially performing an Important short-hand ar quallty assurance role, will
normally be displayed alongside other branding on the packaging and/or product itself.

11.3.3 Use of DRM logo on products

Manufacturers of DRM equipment may request a license to use the DRM logo on their products. The criteria for
usa are set out on the DRAM web-site, but may be summarised as follows:

= For consumer receivers, the manufacturer is required to self-certify the performance and functionality of the
design against the standards laid down in the DRM Minimum Receiver Requirements specification [6];

= For profassional equipment, the manufacturer is required to self-certify his product for compliance with the
appropriate DRM standard(s}.

DRM Introduction and implementation Guide
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(12)
3]
(4]

[15]
(1€l
7]
(e

(e

[20]

[21]
(22]
(23]

f24)
(23]

ETSI ES 201 980: Digital Radio Mondiale {DRM); System Specification {www.etsi.org)

ETSI TS 102 820: Multiplex Distribution Interface (MDI) lote: o0
ETSI TS 102 821: Distribution and Communications Protocol {DCP) complete list of
ETSI TS 102 386: Digltal Radio Mondiale {DRM); AM Signalling Systern (AMSS) ETS standards)

Ranulph POOLE & Andrew Murphy, ‘The AM Signalling Systems, AMSS - does your radio know what it is
listening to?' EBU Technlcal Review No 5. January 2006

‘DRM Minimum Receiver Requirements’ see www.drm.org

DReaM recalver download page on Sourceforge: http://sourceforge.net/projects/drm/

iTU-R Rec. BS 1514: System for digital sound broadeasting in the broadcasting bands below 30 MHz
ITU-R Rec. BS 1615: Plarning parameters for digital sound broadeasting at frequencles below 30 MHz

Article 12 of the ITU Radio Regulations: Seasonal planning of the HF bands allocated to the broadcasting
service betwesn 5900 kHz and 26400 kHz

1TU-R Rec. BS.1114: Systems for terrestrial digital sound broadcasting to vehicular, portable and fixed
receivers in the frequency range 30-3 000 MHz

ITU-R Rec, BS.1660: Technical basis for planning of terrestrial digital sound breadcasting in the VHF band
ITU-R Rec. BS.1894: Digital radio broadcast service, captioned radio

GE75: Final Acts of the Regional Administrative LF/MF Broadcasting Conference {Regions 1 and 3) Geneva,
1975 {www.itu.int)

RJ8&1: Final Acts of the Regional Administrative MF Broadcasting Conference [Region 2), Rio de Janeiro,
1961 {(wwweitu.int)

RJ88; Final Acts of the Regional Administrative Radio Conference to Establish a Plan for the Broadcasting
Service In the Band 1 605 - 1 705 kHz in Region 2, Rio de Janeiro, 1988 (www.itu.int)

RRC-06-Rev.ST61: Final Acts of the Regional Radiocommunication Conference for the revision of the
Stockholm 1961 Agreement, Geneva 2006 (www.itu.in).

GEB4: Final Acts of the Reglonal Administrative Conference for the Planning of VHF Sound Broadcasting
(Region 1 and Part of Region 3); Geneva 1884 (www.itu.int)

GEDE: Final Acts of the Reglonal Radiocommunication Conference for planning of the digital terrestrial
broadcasting service in parts of Regions 1 and 3, in the frequency bands 174-230 MHz and 470-862 MHz
(RRC-06) (www.ItL.int)

Wia5revCOQ7: The Wiesbaden, 19985, Special Arrangement, as revised in Constanta, 2007 for the VHF the
freguency bands 47-68 MHz, 87.5 - 108 MHz and 230-240 MHz (www.cept.org)

ECC Report 117: Digita! Sound Broadcasting in the bands below 80 MHz {www.cept.org)
ECC Report 141: Future possibllities for the digitalisation of band 1 (87.5-108 MHz) (www.cept.org)

Technical Supplsment To ECC Report 141 Future Possibillties For The Digitallsation of Band Il (87.5 - 108
MHz) (www.cept.org),

ECC Report 177: Possibilities for Future Terrestrial Delivery of Audio Broadcasting Services. {www.cept.org}
RSPG10-34%; The Future of Radic Broadcasting in Europe - identified needs, opportunities and pessible
ways forward

(http://rspg.groups.eu.int/consultations/consultation_futradic/rspg10_349_report_future_radio_broadcasting
.pdf)
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26] RSPG10-349 bis: The Future of Radio Broadeasting In Eurape - replles to questionnaires
(http://rspg.groups eu.int/consultations/consuliation_futradio/rspg10_349_annex.pdl)

[27] [TU-R Report B5.2144: Planning parameters and coverage for Digital Radio Mondiale (DRM} broadcasting
at frequencies below 30 MHz

[28] EBU Report Tech 3330: Technical Bases for DAM Services Coverage Planning
{http://tech.ebu.ch/docs/tech/tech3330.pdf)

[29] ITU-R Rec. BS.560: Radio-frequency protection ratios in LF, MF and HF broadcasting

[301 Resolution 543 (WRC-03}): Provisional AF protection ratio values for analogue and digitally modulated
emissions in the HF broadcasting service.

[31] ITU-R Rec. SM.1009: Compatibility between the sound-broadcasting service in the band of about 87-108
MHz and the aeronautical services in the band 108-137 MHz

i32] ITU-R Rec. BS.412: Planning standards for terrestrial FM sound broadcasting at VHF

133} Andrew Murphy ‘The Plymouth Digital Radic Mondiale {DRM) Trial: Long-term Reception Results' BBC
Research White Paper WHP 174 [hitp://www.bbc.co uk/rd/pubs/whp/whp174.snhtml]

[34] Jonathan Stott: The How and Why of COFDM, EBU Technical Review No. 278, Winter 1998.
hile://www.ebu.ch/trev_278-stott. pdf

[35) James Briggs: DRM, a summary of the fleld tests, EBU Technical Review No. 286, October 2003,
http://www.ebu.ch/trev_288-briggs, pdf

Other useful references

. DRM main web site: http://www.drm.org

Il. DRM software receiver project web site: http://www.drmrz.org
Il ETSI web site: hitp:/fwww.etsi.org

IV. Frank Hofmann, Christian Hansen and Wolfgang Schiéfer: IEEE Transactions on Broadcasting, Vol. 49, No,
3, September 2003, P. 319, Digital Radio Mondiale (DRM), Digital Sound Broadcasting in the AM Bands.

V. [PR: World [ntellectual Property Organisation (WIPQO): 'About intellectual Property’
(hitp:fwww.wipo.int/about-ip/er)

VI, Jonathan Stott: DRM, Key Technical Features, EBU Technical Review No. 286, March 2001.
http://www.ebu.chirev_2B86-stott. pdf

VI, Jonathan Stott: DRM: Key Technical Features, IEE Electronics and Communication Engineering Journal, Vol,
14 No.1, Feb. 2002, Pp 4-14

VIll. M.J. Bradley: Wideband receivers for DRM, |IEE Electronics and Communication Engineering Journal, Vol.
14 No.1, Feb. 2002, Pp 15-20

[X. Martin Dietz and Stefan Meltzer: CT-aacPlus, A state-of-the-art audio coding scheme, EBU Technical
Review No. 281, July 2002. http://www.ebu.ch/trev_291-dietz.pdf

X. UserManual_DRM-CS_R4_THOMSON.pdf August 2003
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AFS
AM
AMSS
BER
CEPT

Alternative Frequency Switching
Amplitude Modulation

AM Signalting Systemn

Bit Error Rate

European Conference of Postal and
Telecormmunications Administrations

CQOFDM Coded Orthogonal Frequency Division

CRC
DAB
DC
DGP
DRM
DRM+

DRM30

DSB
DSP’s
DvB
EBU
ECC

ETSI

FAC
FM
GPS
HF
inoc
ICs
[EC
P
IPR
1SDN
ITU-R

Multiplex

Cyelic Redundancy Check

Digital Audio Broadcasting

Direct Current

Distribution and Communications Protocol
Digital Radio Mondiale

Digital Radic Mondiale, system used in
frequancy range above 30 MHz

Digital Radio Mondiale, system used in
frequency range below 30 MHz

Double Side-Band

Digital Signal Processors
Digital Video Broadcasting
European Broadcasting Union

CEPT's Electronic Communications
Committee

Eurcpean Telecommunications Standards
Institute

Fast Access Channsl

Frequency Modulation

Global Positioning System

High Frequency

In Band On Channe!

Integrated Gircuits

International Elecirotechnical Committee
Internet Protocol

Intellectual Property Rights

Integrated Services Digital Natwork

International Telecommunications Union -
Radic Communications Secter
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LAN
LF
Mcl
MCS
MDI
MER
MF
MFN
MLC
MMI
MPEG
MSC
NTP
NViS
008
PFT

RDS
RF
RFP
RRB
RSCI
SBR
&CE
sDC
5Dl
SFN
SNR
TAG
upp
VSAT
VSWR
WAN
WRC

Lacal Area Network

Low Frequency

Madulator Control Interface
Mukttiple Channel Simulcast
Multiplex Distribution Interface
Modulation Error Ratio

Medium Frequency

Multl Frequency Network

Muiti Level Coding

Man Machine Inierface

Moving Picture Experts Group
Main Service Channel

Network Time Protocol

Near Vertical Incidence Sky-wave
Out Of Band

Protection, Fragmentation and Transport
Ouadrature Amplitude Modulation
Radio Data System

Radio Frequency

Radio Frequency Phase

|TU Radic Regulatory Board
Receiver Status and Control Interface
Spectral Band Replication
Service Component Encoder
Service Description Channel
Service Distribution Interface
Single Frequency Network

Signal to Nolse Ralio

Tag

User Datagram Protocol

Very Small Aperure Terminal
Voltage Standing Wave Ratio
Wide Area Network

World Radio Conference
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ANNEX 1
List of main DRM Standards

All documants are avallable as free PDF downloads from ETS| (www.etsi,ong).

DRM System Description:

1)
2)
3)

DRM Systern Specification
Data Applications Directory
AMSS - AM Signalling System

Multiplex Distribution / Receiver Data Access:

4)
8)
6)
7)
E)

DCP - Distribution & Gommunication Protocol

DCP/DRM — DRM specific restrictions for the use of DCP
MD| -~ Muitiplex Distribution Interface

RSCI - Receiver Status & Control Interface

ASD| - AMSS Distribution Interface

Data Protocols and Applications:

9)
10)

11)
12)
13)

MOT ~ Multimedia Object Transfer Protocol
SPI - Service and Programme Information (structure)
{transport)
SlideShow

TPEG - Traveller information protocol

Journaline — Text based information service

DRM Intraduction and implementation Guide
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ETSIES 201 8980
ETSITS 101 968
ETSITS 102 386

ETSI TS 102 821
ETSI TS 102 358
ETSI TS 102 820
ETSI TS 102 349
ETSI TS 102 759

ETSI EN 301 234
ETSI TS 102 818
ETS! TS 102 371
ETSI TS 101 483
ETS] TS 103 551
ETSITS 102 979
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ANNEX 2

COFDM basics?*

DRM Is based on the use-of COFDM (Caded Orthogonal Frequency-Division Multipex). The ‘C’, the channe!
encoding employed to support error contection in the recelver, is described in 5.3.

The resulting coded information is then conveyed using OFDM (Orthogonal Frequency-Division Multiplex), by
which the coded data is distilbuted over many sub-carriers for transimission, Each sub-carrier is modulated with
a particular amplitude and phase combination — a QAM consteilation point - for the duration of a transmitted
symbol, As each sub-carrier only carries a small part of the total data, these tranismitted synibols can be
relatlvely long (= time duration), which together with the concept of guard intervals makes DRM tolerant of
multipath propagation — especially hecessary to cope with ionospheric propagation or to perfmit single-
frequency-niefwork operation,

Singal during guard interval fs the same as here

0l 2 o — ]

Delayed
path

Integration
period

Time «—Jp»

Figure A2: Total symbol period is longer than the receiver integration period by a
time defined as the Guard Interval

Orthogenality (absence of mutual crosstalk) between sub-carriers (the 'O} is ensured by choosing the sub-carrier
spacing to be the reciprocal of the so-called ‘useful symbo! period’. This Is the duration of tha time window
within which the receiver observes sach received symbhol. However, each symbol is transmitted for a slightly
longer period, the 'guard-interval’ duration: This approach provides tolerance against muiltipath propagation,
provided the delay difference between the various propagation paths does not exceed this Guard Interval.

Distributing the coded information across many sub-carriers helps when there is selective fading. Typically only a
few sub-carriers will be badly affected (and the receiver can determine which they are} so that error correction in
the receiver can recover the transmitted Information by exploiting the redundancy introduced by the coding.

The number of sub-carriers, and their spa_cing, depends on the DRM robustness mode, each mode being
designed to suit particular operating conditions. For DRM:33 there are 4 robustness modes (with 86 to 226 sub-
camiers for a channel bandwidth of 10 kMz); for DRM+ there are some 213 carriers occupying a 96 kHz
bhangwidth.

24 see [34] tor a more comprehansive ovarviaw of GOFDM
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ANNEX 3
DRM Radio Reciever Profiles

Summary

The DBM Digital Radio Receiver Profiles are designed ta help create a vibrant digital radio market across the
world by defining minimum functicnality for different classes of digital radio receivers that use the DRM system,
This provides brcadcasters with confidence that the services they plan will be recelvable, and manufacturers that |
thelr technology investments wili be supported by services. The consumer gains fram knowing that the product
they have chosen contains the necessary features to provide them with a consistent quality of experience and
assured levels of interoperability across their region and beyond.

Products designed to meet the DRM Receiver Profiles will decode all audio services, along with cther features
depending on the complexity of the recelver. The profiles were devaloped by DRM with the aid of member
experts representing silicon manufacturers, consumer device manufacturers, radio broadcasters and other
experts from across the industry. The composition cf the profiles takes into account consumer experience,
manufacturing issues, broadcaster requirements and other market aspecits.

Scope

The DRM Digital Radio Secelver Profiles define the minimum functionality requirements of products within each
profile.

The Receiver Profiles are composed of mandatory features which must be implemented and recommended
features which offer anhancements with wide appeal.

Manufacturers may offer additicnal features In order to differentfate their product from others,

Products conforming to the DRAM Recaiver profiles will provide a step change in usability over analogue radias,
with service selection by station name from a iist built up automatically by the receiver. Manufacturers are free to
choose how to complle the station list according to market need, for example by evaluating AFS and EPG
information, offering frequency scanning, evatuating service lists provided by other broadcast systems (f
applicable), etc. DRM service tuning by frequency should be avallable to the user, but never be the primary
option for selecting services.

The DRM Receiver Profiles describe minimum functionality; the implementation of each feature in conformance
with the relevant ETSI standards is best determined by each manufacturer and is not proscribed. In-car products
are supject ‘o0 the normal safety related conditions, for example limitations for scroiling, access to services while
driving, image per second limitations, etc., according to regulators or OEM requests.

Products which do not meet the minimum reguirements of the profiles rmay be manufactured on a market-
speclfic basis.

Regulators may use the Receiver Profiles to develop strategies and policies for digital radio broadcasting within
national boundaries or with reference to trans-national and harmonised markets.

The DRM Receiver Profiles reflect receiver design issues and broadcaster capabillities appropriate for the current
period and for the foreseeable future. Future changes and additions to the ETSI standards defining the DRM
system1, technology advances and market developments will be reviewed and may lead to revision of these
Receiver Profiles.

The DRM Digital Radlo Receiver Profiles focus on features of the Digital Radio Mondiale system. However the
profile definitlons are designed to support the easy co-integration with other digital and analogue broadcast
systems In multi-standard receivers; in particular we recommend that all receivers should include analogue AM-
AMSS and FM-RDS reception,

The D:RM Consortium will giobally publicise the DRM Digital Radio Receiver Profiles and actively encourage its
members to adopt them.

DRM if'nlroduction and implementation Guide
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Receiver Profile 1 - Standard Radio Receiver

This is an audio receiver with at least a basic alphanumeric display.

Spectrum DRM reception in the MF (530 kHz to 1720 kHz}, HF (2.2 MHz ta 27 MHz} and
international FM.{87.5 to 108 MHz) bands is mandatory in all territories.

DRM recaption in other broadeasting bands s mandatory ona regidnal basis according
to the licensed service plaries,

DRM reception in all broadcgsting bands below 300 MHz is recommended.

Channe! decoding Decoding of all defined channel band-widths is mandatory:

Audic Sterso decoding (including Parametric Sterao) is mandatory if a stereo capable output
is provided.

Emergency warning Text Implementation of the emergency warning/alert feature is mandatory.

Text Service label (statlon name) display is mandatory.

Text message display is mandatory on products with a 2-line display or better (except
for in-car products).

Journaline?¢ presentation is recommended.

Support for regional character sets is recommendad accarding to the region the
product will be manufactured for or sold into,

SR Service and Programme Information?” presentation Is recommended
Traffic & Travel Forin-car products, TPEG? decoding is recommended.
Service following DRM to DRM service following (automatic frequency switching) is mandatory.

For products that include analogue service decoding (e.g. AM-AMSS%, FM-RDS),
DRM to analogue sarvice followiny is mandatory.

For products that include other digital radio systems, DRM to digital service following is
recommended.

Receiver Profile 2 -~ Rich Media Radio Receiver

This is an audfo receiver with a colour screen display of at least 320 x 240 pixels.
All Receiver ‘Profile 1’ functionality, plus:

Audio Surround Sound decoding®! Is recommended.

Text Joumnaline® presentation is mandatory.

SPI Service and Programme Information® presentation is mandatory. Decoding of the
advancad profile is recommendec.

SlideShow SlideShow™ presentation is mandatory.

25 In {TU region 1 this includes LF (153 to 279 kHz)

26 As defined In ETSI TS 102 879; deccded from packet mads including FEC

27 As defined [n ETSI TS 102 818 and TS 102 371; decoded from packet moda including FEC
28 As deflned In ETSI TS 103 551

29 As deflned in ETS| TS 102 368

30 As definec in |SO EN 62106

31 Discrate multi-channe] output and/or binaural rendering on stereo headphone output.

32 As defined in ETSI TS 102 979; decodad from packet mode Including FEG

33 As defined in ETSI TS 102 818 and TS 102 371; decoded from patket mede ingluding FEC
34 As definad in ETSI TS 101 498; decodad from packet moda inciuging FEC
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Information on DRM field trials

ANNEX 4

Extenslve tests and fleld trials have been conducted throughout the World using the DRM system. The results
confirm that the DRM systemn {both the DRM30 and DRM= varianis} performs according o the specHicaticn and
that it can be Implemented to meet a wide range of requirements in all types of environment. The results are tao
extensive to adeguately cover in this dosument; instead references are provided to reports, many of which were
submitted to the prevailing ITU-R Working Party, to assist in the preparation system and planning standards. The
IIst is.net exhaustive, however further references are contained within the listed sources.

Table Ad: List of DRM field trials

~ Year Field Trials Source 1 Frequency
_ _ | Band |
2004 DRM test in the MF band In Madrid* DRM Web Site! ITU-R Contribution MF
WPEE/175
2005 DRM Local Coverage DRM Web Site: ITU-R Contribution 26 MHz
using the 26 MHz Broadcasting Band in | WPBE/274
Mexlco City*
2006 DRM test in the MF band in Mexico DRM Waeb Site: ITU-R Contribution MF
City* WPBE/403
2006 DRM/AM simulcast tests at MW in DRM Web Site: ITU-R Contribution MF
Mexico* WPBE/403
2006 DRAM test in the MF band in Italy* DAM Web Site: ITU-R Contribution MF
5G6/353
2007 DRM trials in India: simulcast MW, DAM Web Site: ITU-R Contribution MF, HF,
Tropical Band NVIS and 26 MHz lgcal WPEA/10 26MHz
brcadcasting®
2007 Digital Radio Mondiale field trials in Pefia et al.,"Digital Radio Mondiale field 26 MHz
Brasilia for local radio coverage using trials in Brasllia for local radic coverage
the 26 MiHz band using the 26 MHz band®. IEEE
Broadband Multimedia Systems and
Broadcasting 2007. Las Vegas (USA)
2007 DRM trial Spaln: Multichannel DRM Web Site: ITU-R Gontribution MF
Simulcast, urban and indoor reception WPBA/73
in MW Band *
2008 Local Radic using Digital Radio Lauterbachet al.,"LocalRadio using 26 MHz
Mondiale{DRM) in the 26 MHz Band, Digitat Radic Mondiale{(DRM) in the 26
Germany MHz Band —A Résuméat the end of the
Nuremberg/Dillbergfield trial”
September 18 —19, 2008,
Fraunhoferinstitute for Integrated
) Gircuits IS Erlangen, Garmany.
2008/9 DRM + field trials in the YHF Band I} in DRM Wab Site: ITU-R Contribution Band i
' Kaiserslautern WPBA/347
Arnex1&2

DRM ,Iﬁtruducﬁon and implementation Guide
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Year _ Field Trials ~Source . {Froquency
i LR Lo B 1 Band.
DRM Web Site; [TU-R Contribution
WPEA/537
Attachment ] &2
2009 Project Mayflower: The DRiM Trial, UK http://downioads.bbe.co.uk/devon/pdfs: MF
/project-mayflower-summary-report.pdf
2009 Field trial with DRM in Paris DRM Web Site: ITU-R Contribution Band |
WPEA/347
Annex 3
DRM Web Sita: ITU-R Contribution
WP8A/537
Attachment 4
2010 DRM + field trials in the VHF Band ill in DRM Web Site: ITU-R Contribution Band 1K
Kaiserslautern WPGA/537
Attachment 3
2010 Results of the DRAM FM band field trial DRM Web Site: ITU-R Contilbution Band I}
in Sri Lanka WPEA/S03
2011 DRM Single Frequency Network Field DRM Web Site:; ITU-R Contribution Band i
Test Results, Hanover WPeA/504
2011 Resuits of the DRAM fleld trial in Band 1in | DRM Web Site: ITU-R Contribution Band }
Turin, ltaly WPEA/S12
2011 Results of the DRM High Power Field DRM Web Site; ITU-R Contribution Band Il
Trial In the United Kingdom WPEBA/B32
BBG Research White Paper WHP 188
http:www.bbc.co.uk/rd/publications/w
hitepaper198.shtml
2013 Field Trial in Rome on the possible use DRM Wab Site: [TU-R Contribution Band Il
of the DRM+ systemn in VHF band Il to WPBA/220
migrate the FM sound broadcasting
services to digital techneology
2014/ Results of the joint Radio Pulpit / DRM Wab Site: ITU-R Contribution MF
2015 Broadcom / Sentech DRM30 Trial WPBA/289
2017 Report on Implementation Trals of DRM | DRAM Web Site: ITU-R Contribution Band Il
in Cooperation Between Radio Republik | WPBA/306
Indonesia and ithe DRM Consartium
2017 interim Report.of a DRM Mode E Trialin | DRM Web Site Band Il
South Africa
* A summary of these trials can be found in Annex 3 of Report ITU-R BS.2144 [27]. See also [35]
eDrm
g
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RECEIVED - FCC
PLEASE STAMP

JUL 24 2009 AND RETURN
Before the Fadem-co"i}rl?r:r:uc?%fﬂmcecummw& COPY TO
FEDERAL COMMUNICATIONS COMM@EETGHER’ HEALD & HILDRETH

Washington, DC 20554

In re Application of )

)
VENTURE TECHNOLOGIES GROUP, LLC } File No. BPTVA-20090630AFD
(KSFV-CA, Fac. ID 49704, ) o
Los Angeles, CA) ) FILED/ACCEPTED

)
For Construction Permit ) JUL 2 4 2009
for Minor Change ) Federal Comunlaatlons Commission

Cg]

To: Chief, Video Division, Media Bureau

OBJECTION OF CALIFORNIA STATE UNIVERSITY
LONG BEACH FOUNDATION

1. Pursuant to Section 73.3587 of the Commission's Rules, California State University
Long Beach Foundation (“CSULBF™) hereby objects to a grant of the above-captioned
application by Venture Technologies Group, LLC (*Venture™) for changes in the facilities of
Station KSFV-CA (the “KSFV Application”), because the proposal is predicted to cause serious
destructive interference to CSULBF's Station KKJZ(FM), Facility ID 8197, operating on 88.1
MHz (Channel 201B), at Long Beach, California.!

2. KSFV-CA operates on analog Channel 6, 82-88 MHz. The normal audio channel for
a Channel 6 analog television station is at or near 87.75 MHz. CSULBF believes that some
Class A and Low Power Television stations move their audio carrier to 87.9 MHz to facilitate
reception on consumer FM radio receivers. KKIJZ operates on 88.1 Nﬂ-lz,‘FM Channel 201A,
the lowest channel in the FM broadcast band, immediately adjacent to TV Channel 6. An audio
signal on 87.75 MHz is the equivalent of a second-adjacent channel radio broadcast station. An

audio signal on 87.9 MHz is the equivalent of a first-adjacent channel radio broadcast station.

I KKJZ is licensed to operate with 30 kW ERP at 135 meters above average terrain.

23072019 2:47:02 PM
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3. If KSFV-CA were applying for an FM broadcast station first- or second-adjacent to
KKJZ with the facilities requested in the Application, its proposal would be summarily dismissed
because of interference caused to KKJZ. The application cannot be treated differently just
because it is a TV rather than an FM application. The audio signal of an analog TV station is
frequency modulated, so it is the same as an FM audio signal as far as interference to other FM
stations is concerned and is indeed often received and listened to on conventional FM radio
receivers,

4. The KSFV Application proposes an effective radiated power (“ERP”) of 3.0 kW, at an
antenna height that appears to be 906 meters above average terrain (“HAAT”).? At that
combination of power and height, KSFV-CA would be treated as a full Class B FM station.
However, the proposed HAAT far exceeds the 150-meter HAAT class limit for Class B stations
under Section 73.211(b)(1) of the Commission’s Rules; and under Section 73.211(b), ERP would
have to be reduced to 0.84 kW. As a Class Bl station, the maximum ERP would be 0.215 kW;
and as a Class A station, the maximum ERP would be 0.064 kW >

5. CSULBF believes that some Low Power Television (LPTV) and Class A television
stations have directed most of their ERP into the aural signal, in the belief that the LPTV rules do
not mandate any specific division of ERP between visual and aural power, But even if KSFV-
CA were to limit its aural ERP to the full power TV maximum of 22%, the resulting ERP would

be 0.66 kW, far in excess of the Class B1 limit and just below the full Class B limit.

2 HAAT was determined based on the proposal in the KSFV Application for an antenna

radiation center 1680 meters above mean sea level and using the HAAT calculation tool on the
Commission’s website,
*  Maximum ERP for excess HAAT was determined using the "FMpower" tool on the
Cominission’s website,
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6. The proposed KSFV-CA transmitter site is only 46.8 km away from the KKJZ
licensed transmitter site, far below the 113 km first-adjacent channel and 69 km second-adjacent
channe] separations required by Section 73.207(b) of the Commission’s Rules for commercial
stations. Moreover, the separation is only 18.7 km from the site proposed by CSULBF for KKJZ
in BPED-20070905ABF, which preceded the Application in time and thus has priority.*

7. Altematively, applying the contour protection requirements of Section 73.509(a)
applicable to noncommercial stations, KSFV-CA’s must provide KKJZ with a +6 dB protection
on a first-adjacent channel and +40 dB on a second-adjacent channel. As shown by an objection
filed by Global Jazz, Inc. on July 16, 2009, the KSFV-CA proposal will not come even close to
providing the required contour protection to KKJZ.

8. No matter which way one looks at the problem, the severity of the predicted
interference is enormous. The Commission clearly recognizes the potential for interference
between TV Channel 6 stations and FM broadcast stations in Section 73.525 of the Rules. That
section by its terms limits the facilities of FM stations to avoid interference to TV; but there has
previously been no need to have a rule working in the other diréction, because full power TV
channels are listed in a Table of Allotments (Sections 73.606 and 73.622), so their locations are
known and can be taken into account in planning FM stations. When Section 73.525 was
written, it was not contemplated that Class A and LPTV stations, which have no allotment table,
would move on to Channel 6 and establish new sources of interference to FM stations. The

problem is no less real with or without an explicit rule, however, and the Commission must

* While BPED-20070905ABF was dismissed, an Application for Review is pending. Thus the
application is still alive and must be protected by subsequently filed applications.
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address it if it is to manage the spectrum rationally.’ Not to address the problem would
constitute an involuntary modification of KKIJZ’s license under Section 316 of the
Communications Act, which requires notice to KKJZ and an opportunity to be heard. That
section also contemplates a hearing prior to any involuntary modification. CSULBF does not
waive any of its rights under that statute.

8. Before any favorable action may be taken on the KSFV Application, Venture must
first be required to make commitments as to the specific frequency to be used for its aural carrier
and the maximum aural ERP it will use. Those commitments must be imposed as conditions on
any authorization. However, in addition, Venture must be required to demonstrate how it will
provide adequate interference protection to KKJZ’s adjacent-channel signal. CSULBF believes
that it will be impossible for Venture to make such a showimg and that accordingly, the
Application must ultimately be dismissed.

Fletcher, Heald & Hildreth, P.L.C. Respe ly submitted,
1300 N. 17™ St., 11* Floor
Arlington, VA 22209-3801

Tel. 703-812-0404 Peter Tannenwald N
Fax 703-812-0486

Counsel for California State University
July 24, 2009 Long Beach Foundation

5 Itis all the more important to address the interference problem with respect to KSFV-CA,
because that station is a Class A station with primary spectrum status, not a secondary LPTV
station.
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CERTIFICATE OF SERVICE

I, Evelyn Thompson, do hereby certify that I have, this 24" day of July, 2009, caused a
copy of the foregoing “Objection of California State University Long Beach Foundation” to be

sent by first class United States mail, postage prepaid, to the following;

Gregory Masters, Esq. Robert B. Jacohi, Esq.

Wiley Rein Cohn & Marks, LLP

1776 K 8t., N'W, 1920 N St., N.W., Suite 300

Washington, DC 20006 Washington, DC 20036
Counsel for Venture Technologies Counsel for Global Jazz, Inc.
Group, LLC

In addition, on July 27, 2009, a copy will be sent by electronic mail to:

Hossein Hashemzadeh, Associate Chief Alan Aronowitz, Esq.
(hossein.hazhemzadeh@fcc.gov) (alan.aronowitz@fce.gov)

Video Division, Media Burean Video Division, Media Burcau
Federal Communications Commission Federal Communications Commission
Washington, DC 20554 Washington, DC 20554
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